An Evaluation of the Effects of Dredging Within the Arkansas River Navigation System, Volume IV - The Effects Upon the Benthic Associations by Kraemer, Louise Russert
University of Arkansas, Fayetteville
ScholarWorks@UARK
Technical Reports Arkansas Water Resources Center
1-1-1976
An Evaluation of the Effects of Dredging Within
the Arkansas River Navigation System, Volume IV -
The Effects Upon the Benthic Associations
Louise Russert Kraemer
Unversity of Arkansas, Fayetteville
Follow this and additional works at: https://scholarworks.uark.edu/awrctr
Part of the Fresh Water Studies Commons, Hydrology Commons, Soil Science Commons, and
the Water Resource Management Commons
This Technical Report is brought to you for free and open access by the Arkansas Water Resources Center at ScholarWorks@UARK. It has been
accepted for inclusion in Technical Reports by an authorized administrator of ScholarWorks@UARK. For more information, please contact
ccmiddle@uark.edu.
Recommended Citation
Kraemer, Louise Russert. 1976. An Evaluation of the Effects of Dredging Within the Arkansas River Navigation System, Volume IV -
The Effects Upon the Benthic Associations. Arkansas Water Resource Center, Fayetteville, AR. PUB046. 367
An Evaluation of the Effects of Dredging Within 
the Arkansas River Navigation System
Volume IV
The Effects upon the Benthic Associations
by
Louise Russert Kraemer
Arkansas Water Resources Research Center
Publication No. 46
UNIVERSITY OF ARKANSAS LIBRARY
APR 12 1984
FAYETTEVILLE, ARKANSAS
University of Arkansas
Fayetteville, Arkansas
72701
AN EVALUATION OF THE EFFECTS OF DREDGING 
WITHIN THE ARKANSAS RIVER NAVIGATION SYSTEM
Volume IV
EFFECTS UPON THE BENTHIC ASSOCIATIONS
Final Report to the
United States Corps of Engineers
Contract No. DACW03-74-C-0146 
1976
By
Louise Russert Kraemer, Ph.D.
Principal Investigator
Department of Zoology
University of Arkansas
Fayetteville
TABLE OF CONTENTS
Volume IV
Page
ACKNOWLEDGEMENTS i
iiiPREFACE
ix
xi
xiii
V
LIST OF APPENDIX FIGURES
LIST OF APPENDIX TABLES
LIST OF FIGURES
LIST OF TABLES
INTRODUCTION 1
INTRODUCTION TO THE BENTHIC STUDY 9
MATERIALS AND METHODS 13
RESULTS 41
Coelenterata 43
Platyhelminthes (flatworms) 45
Nematodes (round worms) 49
Oligochaetes (aquatic earthworms, tubificids, 
etc. ) 54
Hirudinea (leeches) 62
Arthropoda 64
Crustacea (Cladocera, Copepoda) 64
Hydracarina (water mites) 70
Insecta 72
Ephemeroptera (Mayfly larvae) 72
Trichoptera (caddis fly larvae) 76
Diptera 84
Page
Ceratopogonidae (biting midge larvae) 84
Culicidae (mosquito larvae, phantom 
midge larvae) 87
Chironomidae (midge larvae) 89
Other Insecta 102
Mollusca 104
Gastropoda (snails, limpets) 104
Pelecypoda (mussels, "pill clams", 
Asian clam) 112
Unionidae (mussels) 118
Sphaeriidae ("pill clams") 121
Corbicula (Asian clam) 12 3
SUMMARY OF BENTHIC GROUPS AND ASSOCIATIONS: 
ABUNDANCE, DISTRIBUTION, AND VARIATION 145
PHYSICAL AND CHEMICAL FACTORS IN RELATION TO 
THE BENTHIC ORGANISMS 165
SUMMARY AND CONCLUSIONS 189
RECOMMENDATIONS 201
LITERATURE CITED 207
ANNOTATED BIBLIOGRAPHY 215
INVENTORY WITH CODE NUMBERS 235
APPENDIX TABLES
APPENDIX FIGURES
241
317
ACKNOWLEDGEMENTS
I should like to express my gratitude to several 
members of the District Office in Little Rock for their 
resourceful and cheerful cooperation during this study; 
Bob Anderson, Jim Davis, Dick Paul, and Bob Glover. In 
the Hydraulics Division, Joe Clement and Susan Leather­
wood were helpful.
In this laboratory at Fayetteville, Susie Lott very 
ably carried out a large portion of the demanding work 
on the benthic samples, and coordinated efforts of sev­
eral assistants, especially that of Gary Tabor. Bob 
Gish prepared a number of the larger tables and graphs, 
as well as most of the annotated bibliography. Jean 
Niederkorn competently assumed responsibility for prep­
aration of both the initial and final typescripts.
Linda Poppe carefully drafted the graphs.
Help with identification of oligochaetes was gen­
erously provided by Prof. Walter Harman (L.S.U., Baton 
Rouge); with identification of some of the chironomid 
larvae by Prof. James Sublette (Arizona State University 
Temple); and with identification of the nematodes by 
Dr. Willis Hope, Smithsonian Institution. Other assist­
ance is gratefully acknowledged within the text.
i
PREFACE
Recognizing our common needs as they affect rivers, 
Bardach (1964, p. 258) commented: "Whether they are 
treated as a source of power or as a precious ingredient 
in a dwindling wilderness, the value of our moving 
waters is incalculable." He quotes (ibid) Justice 
Oliver Wendell Holmes, "...a river is more than an a- 
menity, it is a treasure. It offers a necessity of life 
that must be rationed among those who have power over 
it."
In the context of remarkably engineered, increasing­
ly rapid and profound alterations of the environment, 
not only in the U.S. but all over the world, the U.S. 
Government invested more than a billion dollars in en­
gineering expertise and material to build a huge inland 
waterway out of the Arkansas River. It is lamentable, 
but not surprising, that this was done without inquiring 
of the scientific biological community: Who is living 
in the Arkansas River? What are they doing there? What 
may happen if the great changes required by the building 
of the waterway, are made?
An abiding concern of biologists stems not primar­
ily from the capacity of human technology to alter the 
environment of rivers, but from the fact that such al­
terations can permanently change the livability of that 
habitat for any number of indigenous species. To a
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non—biologist this concern may seem odd. However, as 
Bardach (ibid) explains "...by eliminating a species 
here, a population there, man has rendered nature more 
continuous, more uniform, less diverse...A diversified 
environment is more stable and resilient than a uniform 
one. The more variety there is in nature, the more 
checks and balances exist so that catastrophes, whether 
natural or man-made, are weathered more easily than 
where nature is subjected to uniformity."
Even though it is many years overdue, the present 
study of the biota of the Arkansas River does constitute 
an effort to begin accumulation of critically important 
baseline data on this great stream. The benthic report, 
along with the reports on plankton and fish may provide 
some clues to the effects of maintenance dredging on the 
Arkansas River. In the after-the-fact context in which 
the work has been done, however, these reports should 
prove of more fundamental value as a documented record 
of who is presently living in the Arkansas River.
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INTRODUCTION
In this space I should like to make some remarks 
concerning the project as a whole, before discussing the 
benthic communities in the Arkansas River.
The huge and increasing volume of dredged materials 
being moved in and from the bottoms of waterways of the 
U.S. is probably well known to the reader. Lee and 
Plumb (1974) distinguish between the 2 forms of dredging:
(1) mining the bottom sediments (as in shell dredging), 
and (2) developing and maintaining navigable waterways. 
They indicate some 380,000,000 cubic yards are dredged 
annually in this country; maintenance dredging account­
ing for about 80,000,000 cy, and new construction for 
about 300,000,000 cy.* These figures (based on 5 yr. 
averages) do not include dredging by private companies. 
Smith (1975) comments: "With federal dredging volume 
exceeding 350 million cubic yards annually, the environ­
mental importance of effective disposal guidelines is 
self-evident.”
A practical and scientific step in such a situation 
is to ask the question we have essentially been given to 
cope with in this study, namely: In the Arkansas River 
in Arkansas, what is the actual or potential effect of 
* Kenneth Kamlet, counsel for the National Wildlife
Federation, is reported in a Nov. 1975 Arkansas 
Gazette article as saying that 85% of the dredge spoil 
(being dumped into U.S. coastal waters) orginates from 
inland waterway projects of the Corps of Engineers. 
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dredging on the biota of the river? The foregoing is 
of course a loaded question. Its dissection causes 
subsidiary questions to emerge:
(1) "the Arkansas River in Arkansas" = which 
Arkansas River? Biologically there could be several: 
(a) the Arkansas River above Lake Dardanelle; (b) the 
river lake, Lake Dardanelle; (c) the Arkansas River 
between Lake Dardanelle and Pine Bluff; and (d) the 
Arkansas River below Pine Bluff.
(2) "...what is...the biota"? To the best of our 
knowledge, there has been no systematic effort to char­
acterize the phytoplankton, the zooplankton, or the ben­
thic organisms of the Arkansas River—ever. That in­
cludes the time before intensive bank stabilization pro­
jects began on the Arkansas River in the 1930's. That 
includes the time before the massive alteration of the 
Arkansas River establishing the great series of locks 
and dams which have transformed the river in recent years 
(at a cost of about 1.2 billion dollars) into a major 
U.S. inland waterway. That includes the time up to the 
present, when the Arkansas River has been so extensively 
changed by human intervention—that it really is less
2
of a great river, than it is a long reservoir.*
(3) "...actual effect...on the biota"? Lacking 
previous biological inventories of the organisms living 
in the Arkansas River, we have nothing with which to 
compare the biological clientele of today's Arkansas 
River—other than with data on groups of organisms which 
have occupied similar habitats in other parts of the 
country. We can, however, do as careful an inventory as 
possible of the organisms presently inhabiting the river.
(4) "...potential effect...on the biota"? With­
out a thorough appraisal of who is living in the Arkansas
River now, it is not likely we can make reliable predic­
tions about the future.
(5) "effect...of dredging"? This involves dis­
tinctions between kinds of dredging, quantity of dredg­
ing, seasonal variations in dredging. This involves 
teasing out data which relate to certain kinds of dredg­
ing per se as distinguished from effects related to 
other physical and/or chemical factors (e.g., dredging 
of "clean" vs. "polluted" sediments.)
* Ignorance of the structure and function of the biota 
of the Arkansas River is not an isolated phenomenon. 
At the end of a 3-day Workshop on the Benthos of the 
Great Lakes, at the Great Lakes Fish. Inst. in Ann 
Arbor, Mich., spring of 1973, it was evident to us 
there that we had spent the entire time earnestly 
checking current techniques for determining who is 
living in/on the bottom of the Great Lakes., We had 
not begun to tackle the questions: (1) What are the 
benthic organisms doing there? and (2) What is the 
likelihood, in response to continuing man-made en­
vironmental change, that these organisms will be able 
to go on doing what-ever it is that they do?
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(6) The whole question, ’’What is the actual or 
potential effect of dredging?" signals the implication 
that biologists have developed techniques adequate for 
determining the answer. The state of things is such 
that biologically sound answers to the question are pos­
sible at present only within distressingly narrow limits. 
Biological data, even baseline biological data, lag far 
behind physical and chemical data for our waterways. 
There is an obvious reason for this. Biological data is 
much more difficult to obtain. Yet without biological 
data, all the physical/chemical data in the world won’t 
tell us a thing about the actual biological health of 
the aquatic environment.
Frequently these days, even the traditional physical 
and chemical water quality tests are being severely crit­
icized. Investigators are asking: "Do these tests
really give us reliable information about the environ­
ment?" "How reliable are they?" and "How can they be 
imp roved? ’’
Lee and Plumb (1974) discuss one major problem re­
garding evaluation of dredged material disposal cri­
teria: many of the standard tests for water quality
are based on the assumption that there is some relation­
ship between the bulk-sediment composition and the pol- 
lutional tendencies of the sediment. Lee and Plumb find 
no evidence to warrent such an assumption and are
4
pointedly critical of tests for: (a) chemical oxygen
demand; (b) total Kjeldahl nitrogen; (c) volatile solids; 
(d) oil and grease. They conclude (ibid, p. 9):
"•••it is strongly recommended that parameters such 
as volatile solids, COD, or Kjeldahl nitrogen not 
be used in developing dredged material disposal cri­
teria until such time as it can be demonstrated that 
there is a relationship between a particular con­
centration of each of these parameters and the en­
vironmental impact caused by the disposal of dredged 
sediment containing this concentration."
These authors go on to evaluate the Elutriate Test which 
has been proposed by the EPA and the Corps of Engineers 
and published in the Federal Register in 1973.* They 
see this as an improvement over former testing proce­
dures, but still consider it a test with important lim­
itations. They find problems not only in the interpre­
tation of the Elutriate Test results, but also possibly 
within the test itself. They explicate the dimensions 
of such problems concerning the solid-to-liquid ratio, 
time of contact (of dredged material with the river, 
etc.), pH, dissolved O2 concentration, agitation, par­
ticle size, handling of solids (importance of avoiding 
delay in testing), characteristics of water,** and 
* A revision is in the 5 September 1975 Federal
Register, vol. 40, No. 173.
** Lee and Plumb feel it is important that studies on 
the significance of liquid-to-solid ratios be carried 
out for a variety of dredged materials, using waters 
representative of both the dredging and the disposal 
sites! They note, "This situation is much more com­
plex in river, river mouth and estuarine dredging 
where water composition can change markedly with time. 
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solid-liquid separation. They offer suggestions as to 
why and how each of the foregoing should and could be 
subjected to very consistent procedures.
(7) The quality of the answer biologists may sup­
ply for this question is realistically related to the 
time/effort available and to logistical difficulties in 
coordinating sampling strategies with available manpower 
and gear.
One valuable aspect of the present study was the 
mutual learning/communication experience it provided for 
both the biologists at the University in Fayetteville 
and for the engineers associated with the actual col­
lection of samples from the Arkansas River. On the one 
hand, the biologists were professionally concerned with: 
(1) properly replicated samples in conformance with pre­
determined EPA guidelines; (2) an adequate seasonal 
series of samples; and (3) careful, multiple site selec­
tion which might afford the best opportunity for gather­
ing data to answer the question: What is the effect of 
dredging on the biota of the Arkansas River? On the 
other hand, the engineers in the Division of Parks and 
Recreation at Little Rock were professionally concerned 
with logistical problems relating to: (1) feasible site
selection for sampling with their small boat in all 
weather conditions; and (2) difficulties in handling the 
sampling protocols within reasonable expenditure of time 
6
and effort on their small craft.
(8) Finally, the kind of answer, which we as bi­
ologists might wish to provide as scientifically sound, 
could well be prohibitively expensive to obtain and per­
haps not of certain immediate relevance to the concerns 
of the public and of the Corps of Engineers in 1976.
For example, Resh and Unzicker (1975) and others have 
demonstrated the importance of taxonomic identifications 
of organisms being made to species. Biologically, that 
makes sense. Logistically, for parts of an initial 
study such as this, it does not.
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INTRODUCTION TO THE BENTHIC STUDY
This section deals with the benthic organisms of 
the Arkansas River. Many biologists (e.g. Ward, 1919; 
Wurtz, 1969; Hilsenoff, 1971; Cairns, 1972; Fisher and 
Beeton, 1975) have been well aware that when the biota 
of a lake or stream have been decimated or eradicated 
through severe environmental stress, repopulation begins 
with the benthos. Crossman, et al. (1973), cite 5 
reasons for placing special emphasis on the study of 
macrobenthic communities in a stream subjected to severe 
environmental stress:
1) Compared to fish, benthic organisms are rela­
tively sessile and generally less capable of 
avoiding environmental stress than fish.
2) They have rather long life-histories compared to
microorganisms, and their presence or absence 
reflects the recruitment and history of the 
environment.
3) Since they are members of the food web in an
aquatic environment, their presence or absence 
directly affects fish populations.
4) Sampling techniques for bottom fauna are more
reliable than techniques for fish.
5) It is likely that more information per dollar
invested can be gained from studying this 
group of animals than any other group of 
organisms.
Varying tolerance to environmental insult among the 
various groups of benthic animals enables some benthic 
organisms to recolonize an area much more quickly than 
others. Within the benthos, therefore, it is possible 
to monitor the rate of recolonization by monitoring the 
changing composition of the benthic communities.
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This report will delineate the organisms (especially 
kinds, numbers, seasonal variations, distribution, and 
community assemblages) which we found (July 1974 to 
April 1975) living in and on the bottom of the Arkansas 
River, between R.M. 283 and R.M. 43. In so far as is 
possible, our findings will be related to physical fac­
tors (such as substrate particle size, elevation grad­
ient, current, shifting sand and silt) and to certain 
chemical factors. Finally possible effects of dredging 
on communities of benthic organisms in the Arkansas 
River will be considered.
Our findings will be compared with findings other 
workers have made on benthic organisms in other streams. 
Such comparisons of course offer only limited insight. 
Proper scientific caution dictates that there is no sub­
stitute for careful collection, identification and con­
tinuous monitoring of the animals actually inhabiting 
the bottom of the river of particular concern, the 
Arkansas River. Variation in benthic sampling techniques 
and variation in environments under study caused Krenkel 
and Parker (1969, p. 33) to observe:
"There seems to be no prospect of agreement on 
standard methods of studying benthic associations, 
or upon minimum sample size. The varying types of 
environment to be studied indicate that each survey 
of benthic communities must be programmed according 
to the circumstances. While some of the various 
diversity and redundancy indexes (sic!) proposed 
may have value in comparing samples at different 
stations and seasons in the same environment, the 
application of such indexes without reference to
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the sampling methods, or independently of a specific 
environment, is inadvisable.”
Most modern benthic sampling techniques (see Ma­
terials and Methods) have been designed to collect or­
ganisms and not substrate materials. Thus it is dif­
ficult to relate the organisms collected from a specific 
river-bottom sample to the actual substrate they inhabit. 
Wiggins (1966) notes that standard dredges and sieving 
procedures aid in the collection of organisms, but 
sacrifice data on physical habitat. Some investigators 
have taken to using frozen core samples (Ohlmacher and 
Gleason, 1964, cited by Wiggins, 1975). Such samples 
sacrifice quantity and quality of recoverable benthic 
organisms. (i. e. Frozen invertebrates tend to be in 
poor condition for identification!)
Wiggins (1966) p. 18 notes, ”It seems that a single 
sampling procedure for all stream habitats is not pos­
sible."
Another problem with benthic sampling techniques is 
that measurement of current velocity is not often meas­
ured near the substrate water interface where the organ­
isms live. In the present study, we were compelled to 
calculate flow rates from powerhouse release figures and., 
river sub-section velocities. The data was obtained from 
the Hydraulics Division of the Little Rock Corps of 
Engineers. At the end of this report some specific rec­
ommendations will be offered to deal, with this problem
11 
which would affect future benthic sampling in the 
Arkansas River.
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MATERIALS AND METHODS
SITE SELECTION AND SITE CHARACTERISTICS
Note: Throughout this report, the word station will
refer to any one of the study areas on the river. The 
word site will refer to any one of the specific col­
lection points within a station. Reference to left 
bank and right bank of the river, indicate location when 
facing downstream. (Reverse use of these terms is com­
mon in the literature; but the foregoing usage has been 
observed since it is the one employed by the Corps of 
Engineers.)
A. Background: In June 1974, two biologists of
the Arkansas River Study Group travelled the length of 
the proposed study reach (R.M. 284 to R.M. 1) aboard
the Corps vessel, The Arkhoma, and selected study sta­
tions and collection sites. Particles suspended in the 
water through dredging activity tend to move and/or be 
deposited in a fan-shaped plume downstream from the 
dredging site. Consequently the biologists asked to 
have many mid-channel sites in the study. They hoped 
also that each station would include collection sites 
which transected the river, thus providing biotic data 
from both banks of the river as well as mid-channel. 
They chose the stations and sites shown in Appendix 
Table 1.
Criteria employed for study stations and collection
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sites included: (1) need to sample in and downstream
from the confluence with each major tributary in the 
study reach; (2) need to sample above and below each 
lock and dam in the study reach; (3) need to sample above, 
at, and below 2 sites of paper mill discharge; (4) need 
to sample above, at, and below a site of sewage outflow;
(5) need to sample up-river from a dredging site, at a 
dredging site, and down-river from a dredging site; (6) 
need to sample from sites of active dredging, sites of 
former dredging, and sites of potential dredging.
For the sake of gathering information on benthic 
organisms at each site, it would have been very helpful 
to have some sampling sites both (a) from where the 
dredged material have been removed; .and (b) from where 
the dredged material was deposited.
Logistical problems in collection of the samples 
interfered with meeting a number of the foregoing cri­
teria for selection of sampling sites. The 3 sites 
originally designated at R.M. 66 to 64, and the 5 sites 
at R.M. 29 to 22 were eliminated. Most of the mid-chan­
nel sites were eliminated.
B. Actual station and site selection for this 
study:
Table 1 summarizes the location of the 56 sites at 
13 stations (See Fig. 1) where benthic samples (and 
plankton samples) were taken from the Arkansas River 
during the study in October 1974, January 1975 and April
14
Figure 1. Sampling stations both along the study reach 
and in profile.
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TABLE 1*
Study stations and designated sites used for collection 
of October 1974, January 1975, and April 1975 samples
STATION** STATION NAME STATION SITE R.M. LOCATION
1 Ozark 1 283*** R(R)
2 283*** R(R)
3 283*** R(R)
4 283*** MC
2 Dardanelle 1 248 R(R)
2 248 R(R)
3 247.5 R(R)
4 247 R(R)
3 Dardanelle 1 238 L
4 Dardanelle 1 200 L
2 199 L
3 199 L
4 198.5 L
5 Pool 9 4 189 R(R)
3 188.5 R(R)
2 188 R(R)
1 188 R(R)
6 Pool 8 1 171 L(R)
2 170.5 L
3 170.5 L
4 170 L
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Table 1--continued
STATION STATION NAME STATION SITE R.M. LOCATION
7 Pool 8 1 155 R(R)
2 155 R(R)
3 154.5 R(R)
4 154.5 R(R)
8 Murray 1 147 L(R)
2 146.5 R(Ri)
3 146 L(R)
9 Murray 1 124.5 R(R)
2 124.5 R(R)
3 124 R(R)
4 124 R(R)
10 D.D. Terry 1 107.5 R(R)
2 107.5 R(R)
3 107 R(R)
4 106.2 L(R)
5 105.6 L(R)
6 105.5 L(R)
11 Pool 5 1 85.5 R(R)
2 85.5 R(R)
3 85 R(R)
4 85 R(R)
12 Pool 4 1 71** R(Rf)
(Yell Bend) 2 71** R(Ri)
3 70.5** R(Ri)
4 70** R(Ri)
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TABLE 1---continued
STATION STATION NAME STATION SITE R.M. LOCATION
13 Pool 2 1 46 R
(Mud Lake) 2 45.5 R
3 45.5 R
4 44 L(Ri)
5 43 L(R)
6 43 L(R)
7 43 L(R)
8 45 B
9 45 B
10 43 MC
L = left bank (facing downstream)
R = right bank (facing downstream)
B - backwater
B(R) = backwater, behind revetment
(R) ■ revetment
i = at inlet
MC = midchannel
* Appendix Table 1. Shows original study stations and collection sites chosen in 
February 1974 by Meyer and Schmitz. Comparison of originally chosen stations, 
and stations actually used in this study are summarized in Appendix Table 2.
** See Fig. 1 for location of stations 1-13 in the Arkansas River.
***At Station 1 (R.M. 283) all collection sites were in a horizontal line from the 
right river bank to mid channel.
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1975. The number of collection sites at each station 
ranged from 1 site at Station 3 (R.M. 238) to 10 sites 
at Station 13 (R.M. 46-43). Station length varied from 
little or none, (Station 1, where sites 1, 2, 3 and 4 
extended almost horizontally from the right bank to mid­
channel) to 3 miles (for Station 13). 37 of the 53 sites
were located near or behind dikes or revetments. 6 of 
the sites were at confluences of tributaries. 2 sites 
were in backwaters (both at Station 13). 19 of the sites
were located near the left bank of the river, facing 
downstream (L), and 29 sites were near the right bank 
(R). There were only 2 mid-channel sites, 1 at Station 
1 and 1 at Station 13.
C. Characteristics of the study reach as a whole:
(1) Altitude:
Altitude of the 13 study stations on the Arkansas 
River, in feet above sea level, is given in Table 2. In 
some steep streams where benthic organisms have been 
studied, investigators have found significant relation­
ships between the distribution of the organisms and the 
comparative altitude of the river (Allen 1975, Cummins 
and Lauff 1969). Whether or not altitude may be a dis­
tributional factor for the benthos in the present study 
reach, where the altitudinal gradient is about 208 feet 
over a distance of almost 250 miles, and this distance 
interrupted by a series of locks and dams—will be
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TABLE 2
Altitude of study stations on the Arkansas River
STATION R.M. ELEVATION (ft.)
1 283 370
2 248 336
3 238 336
4 199 281
5 189 281
6 171 265
7 155 249
8 147 249
9 125 231
10 108 231
11 86 196
12 71 196
13 45 162
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discussed at the end of this report.
(2) Maintenance dredging by the Corps of Engineers 
in the study reach;
Total cubic yards of dredged material moved in 
maintenance dredging by the Arkansas Corps of Engineers 
during the past five years are provided in Table 3.* 
Note that the years 1972 and 1973, years of high water, 
involved almost double the amount of maintenance dredg­
ing required in the preceding and succeeding years.
A number of sites in the study reach have been, are, 
or will be subjected to maintenance dredging by the Corps 
of Engineers. The operators, who contract with the Corps 
for maintenance dredging, are given specific instructions 
as to where to dredge and where to deposit the dredge 
spoil. While the Corps is assured of specific removal 
of dredged material, it does not have the same assurance 
of specified dredged material deposit. In discussion 
with officials of the Little Rock District office it was 
learned, for example, that if the designated dredged ma­
terial disposal site is 5000 feet from the dredging site, 
and the dredge operator has only 3000 feet of pipe—the 
dredge spoil may not be placed where specified. Thus, 
data on the specific dredge spoil sites evidently cannot 
be provided. While such data may not seem to be required 
for maintenance dredging perse, such data are indeed nec­
essary for appraising effects of dredging on the biota of 
* Maintenance dredging on the various study sites is 
summarized in Table 4.
22
TABLE 3
Total cubic yards of dredged material moved in maintenance dredging by the Arkansas
Corps of Engineers on the Arkansas River for the last five years (up to Oct. 20, 1975)
YEAR DREDGED MATERIAL (cubic yards)
1970 1,733,000
1971 1,440,000
1972 2,700,000
1973 4,222,000*
1974 4,090,000*
1975 1,000,000 (approximately)
* = years of high water in the Arkansas River
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TABLE 4
Cubic yards of dredged material moved in maintenance dredging on the various study sites in 1975, 1974
Station Site R.M.
Dates 
deposited 
in 1975
cu. yards 
deposited
Dates 
deposited 
in 1974
cu. yards 
deposited
Last date 
deposited prior 
to 1974
cu. yards 
deposited
Feb. 110,000
1 1 283.0 — — Aug. 73,000 Sept. '73 87,000
2 283.0 — — — — — —
3 283.0 --- — — — — —
4 283.0 — — — — — ___ *
2 1 248.1 March 20,000 (for Sept. '73 49,000
2 248.0 — — March sites 1 and 2) — —
3 247.5 — — — — — —
4 247.3 — — — — —
3 1 237.9 ___ __ __ -----**
4 1 199.7 ----- **
2 199.3 — — — ___ **
3 199.0 — — — — — ----- **
4 198.6 — — — — — -----**
April 47,000
5 1 187.8 Jan. 81,000 Sept. 62,000 Sept. '73 103,000
2 188.2 — — — — — ----- **
3 188.7 — — — — — -----**
4 188.9 — — — — — -----**
6 1 171.0 Jan. 10,000 Jan. 299,000 Oct. '73 151,000
Apr. 86,000
July 96,000
2 170.7 Jan. 95,000*** March 108,000*** Oct. '73 46,000***
3 170.5 July 65,000*** April 51,000*** Oct. '73
4 170.1 July 99,000*** Oct. '73
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TABLE 4—continued
Station Site R.M.
Dates 
deposited 
in 1975
cu. yards 
deposited
Dates 
deposited 
in 1974
cu. yards 
deposited
Last date 
deposited prior 
to 1974
cu. yards 
deposited
7 1 155.2 ___ -----**
2 154.8 — — — — — -----**
3 154.6 — — — — — -----**
4 154.3 — — — ... — -----**
8 1 147.0 — _ — ... April 51,000 Oct. '73 46,000
2 146.4 — — — — — ...**
3 146.3 — — — — — -----**
9 1 124.7 ___ ... ... ... June '73 10,500
2 124.5 — — — — —
3 124.3 — — — — — —
4 124.2 — — — — — —
10 1 107.6 ... ... July 16,200 Aug./Sept. '73 22,300
2 107.4 — — — — — —
3 107.3 — — — — — —
4 106.2 July 11,000 July 47,400 Sept. '73 29,000****
5 105.6 — — — — — —
6 105.5 — — — — — —
11 1 85.7 July 16,500 May/June 
July
14,800
22, 600
Sept. '73 7, 700*****
2 85.5 — --- - — ... — —
3 85.3 ---- — — — — —
4 84.8 — — — — — —
12 1 70.8 ... ... ... ... July '70 5,400*****
2 70.7 — — — — — —
3 70.4 — — — — — —
4 70.1 — — — — — —
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TABLE 4—continued
Station Site R.M.
Dates 
deposited 
in 1975
cu. yards 
deposited
Dates 
deposited 
in 1974
cu. yards 
deposited
Last date 
deposited prior 
to 1974
cu. yards 
deposited
13 1 46.0 Jan. 21,000 Jan./Feb. 321,000 Aug./Sept. '73 117,000
July 31,500 May/June 47,400
July 78,000
August 18,100
2 45.6 — — — — — —
.3 45.4 — — — — — —
4" 44.3 — — — — — —
5 43.4 — — — — — —
6 43.2 — — — — — —
7 42.8 — — — — ...
8" — ... ... ... ... ...
9" — — — — — —
10 42.5 — —- — ... —
* No spoil placed here at any time
** No spoil placed here in last 5 years
*** Some of this spoil was placed on all 3 sites
**** Spoil area was 1300 ft. upstream from Site 4
***** Spoil area was 1000 ft. upstream of Site 1
" Collection site near R.M. 45, but in Mud Lake.
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the river.
(3) Commercial dredging along the study reach:
In addition, large amounts of Arkansas River bottom 
are dredged commercially each year. Table 5 summarizes 
the total tons of material moved in 1974. (2,000,000
tons would equal about 1,500,000 cubic yards.) Table 6 
breaks these figures down to monthly totals for the year. 
Sites on the Arkansas River presently allocated by per­
mit from the Corps of Engineers to private commercial 
companies for removal of dredged material are indicated 
in Table 6. Note that all of these sites, except the 
one allocated in Pool 13, occur along our study reach. 
170.3 miles of our study reach or 71% of its 240-mile 
length is technically subject to removal of dredged ma­
terial at any time.
(4) Inflows along the study reach:
Table 7 indicates the location of three inflows of 
interest in this study, those of two paper mills and one 
sewage outflow.
D. Evaluation of collecting sites used in this 
study:
On the whole, there are certain negative and cer­
tain positive characteristics of the 56 collecting sites 
used in this study.
(1) Negative characteristics:
(a) Too few sites were in mid-channel.
(b) Very few of the sites were sites of active
dredging.
27
TABLE 5
Total tons of dredged material removed
from the Arkansas River by private commercial companies
during each month of 1974
MONTH TONNAGE. SAND AND GRAVEL
January 152,744
February 147,760
March 119,728
April 206,504
May 208,399
June 124,436
July 272,052
August 206,989
September 229,914
October 190,757
November 70,679
December 155,232
2,085,194
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TABLE 6
Sites on the Arkansas River presently allocated by permit from the Corps of Engineers
to private commercial companies for their removal of material by dredging (as of Dec., 1975)
29
SITE R.M. COMPANY HOLDING PERMIT TOTAL RIVER MILES
Pool 13 307.9-293.3 Arkhola Sand and Gravel 14.6
Pool 7 & 8 290.7-260.9 Jeffrey Sand Company 29.8
Pool 9 255.8-192.5 Mobley Construction Company 63.3
192.5-187.5 J.O. Cravens (Mobley) 5.0
187.5-165.6 J.O. Cravens (Mobley) 21.9
164.2-149.5 Mobley Construction Company 14.7
149.5-135.8 Mobley Construction Company 13.7
135.8-129.4 Donnafil (new permit) 6.4
Pool 6 129.4-117.4 Criss and Shaver 12.0
Pool 6 117.2-111.7 Jeffrey Sand Company 5.5
Pool 4 85.3- 78.2 Pine Bluff Sand & Gravel 7.1
75.2- 66.6 Pine Bluff Sand & Gravel 8.6
in Lake Langhofer Pine Bluff Sand & Gravel in Lake Langhofer
TOTAL: 192.6 mi
TABLE 7
Arkansas River locations receiving significant 
amounts of waste materials
R.M. POINT SOURCE
122.4 Left Bank, from creek: Sewage outlet
170.1 Right Bank, from creek: Paper mill 
discharge (Arkansas Kraft Corporation)
64.7 Right Bank, from creek: Paper mill 
discharge (International Paper Company)
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(c) The site selection offered little oppor­
tunity for comparing benthic samples 
(i) across the river; (ii) upstream and 
downstream from a dredging site; and (iii) 
from undisturbed bottom, dredged bottom, 
and bottom site of dredged deposit.
(d) The location and length (in river miles)
of the originally designated stations and 
collecting point are compared with the 
ones actually used in this study, in 
Appendix Table 2. Two station areas, one 
at R.M. 65 (near a paper mill discharge 
site), and one at R.M. 29-22, were elim­
inated from the study. The sites at most 
stations were considerably contracted; 
i.e., the collection sites were clustered 
more closely than was originally re­
quested.
(2) Positive characteristics:
(a) The extent of the study reach (R.M. 283 to
R.M. 43), a distance of 240 miles of the 
Arkansas River, is to our knowledge one 
of the lengthiest study reaches attempted 
in recent years on the biota of a mid­
continent, heavily managed river. A 
much more comprehensive picture of the 
organisms living is thus possible.
(b) There was fair coverage of the length of
the study reach. The 13 stations were 
spaced at intervals no more than 38 
miles apart, and no less than 7 miles 
apart.
(c) While there were only two mid-channel ben­
thic sampling sites, the fact that so 
many sampling sites were near or behind 
revetments is probably responsible for 
our sampling a higher proportion of bio­
logically "richer" sites. This could 
mean that we therefore have a better 
understanding of the numbers and of the 
kinds of organisms inhabiting the bottom 
of the Arkansas River, than would have 
been possible if more mid-channel sites 
had been included in the study instead.
COLLECTION AND TAXONOMIC IDENTIFICATION PROCEDURES
In June 1974, two of the biologists (Meyer, Schmitz) 
travelled the length of the study reach with engineers 
aboard The Arkhoma, and chose study stations and
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collection sites. These were subsequently altered by 
the Corps personnel. The stations and sites used have 
already been summarized in Table 2. One of the biolo­
gists (Short) accompanied the engineers on the October 
collecting trip downriver for the purpose of reviewing 
and helping with sampling procedures, and recording 
tabulation. Several meetings between the engineers (col 
lecting the samples) and the biologists (evaluating the 
samples) took place during the course of the study in 
the offices of the Division at Little Rock. These meet­
ings dealt with logistical and scientific aspects of the 
project, and were invaluable in working out mutatis 
mutandi. mutually acceptable procedures, terminology, 
aims and objectives for the study.
The ponar grab sampler with a 9 cm2 "bite" was used 
in all benthic collecting.* The Corps personnel rigged 
the gear to a boom attached to an electric winch on the 
front of the boat. Mid-channel samples were difficult 
to obtain. In swift current, the grab was often carried 
* Alternative sampling methods which were considered
and rejected included:
1) the Ekman dredge, which is not heavy enough to 
’’bite” the bottom of the river in swift water;
2) the Petersen dredge, which was considered too 
heavy and unwieldy for our use;
3) the Hester-Dendy sampler, an apparatus sus­
pended in the water which affords a colonizing 
surface for benthic organisms over a period of 
some weeks. This technique should certainly be 
considered for use in long-term biomonitoring in 
a few sites, but was not feasible for the present 
study.
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out in front of the boat. On a boulder-strewn substrate 
the grab would bounce or roll and come up empty. In 
quiet water behind revetments, the bottom was often cov­
ered with thick sediment. Once the winch raised such a 
heavy sample, the loaded ponar had to be swung manually 
on its boom to the deck and upended onto a heavy screened 
funnel. (The funnel stood on tripod legs in a five-gal­
lon bucket.)
Except for the partial sample obtained in July- 
August 1974, effort was maintained to follow suggested 
EPA benthic sampling guidelines. For the October-74, 
January-75 and April-75 runs, triplicate samples were 
taken at almost all of the 56 designated sites distri­
buted among the 13 stations in the study reach.
Most of the benthic samples were processed prior 
to delivery in Fayetteville by sieving through a 30-mesh 
(0.59 mm) screen and put in 70% ethanol in Mason jars. 
Occasional samples comprised of one or two boulders were 
placed in plastic buckets with ethanol.* Silty samples 
were often put in ethanol and taken off the boat to be 
sieved a day or so later. A large, rectangular sieve of 
30-mesh size with cross-bars to receive the open jaws of 
the inverted ponar sampler was found unwieldy for use on 
* Fine-sieving of the ponar sample on the boat into a 
plastic bucket did frequently leave bits of plastic 
scrapings in the sieved sample. We reported finding 
bits of plastic artifacts in the early benthic samples 
to the Corps crew. They subsequently attributed this 
to their on-deck sieving method.
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the boat, but was used to sieve silty samples in the 
Corps laboratory.
Shipment of unsieved samples in ethanol to Fayette­
ville was tried in just one instance. Organisms recov­
ered from this benthic material were in poor condition 
for taxonomic identification.
In the course of this study, re-sieving of samples 
was occasionally necessary. (In this connection an ef­
fort has been underway involving construction and test­
ing the effectiveness of an elutriation apparatus, mod­
ified from Worswick, 1974).
The benthic sample and its fluid were placed into 
one or more 12" x 18" white enamel pans, so as to form 
a uniform, thin (less than 1 cm. thick) layer. An AO 
10x magnifer lamp was swung into place over the sample. 
On a raw data sheet for each sample, notation was made 
of the volume of the sample, of any visible artifact, 
detritus or organisms, and of the substrate particle 
size (using 9 or 10 Wentworth size classes. See Table 
8). Labels were removed from the sample jars onto the 
data sheets, and the data on the labels was checked as 
to date, time, location, water depth etc., against the 
log sheets transmitted to us by the Corps crew. Per­
ceptible organisms were then collected from the surface 
of the sample into stender dishes or watch glasses.
With a small brush the sample was swept in a thin
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Table 8
Grain size scales for sediments
U.S. Standard
Sieve Mesh # Millimeters Microns Phi (0) Wentworth Size Class
4096 -12
1024 -10 Boulder (-8 to -120)
Use 256 - 8
wire 64 - 6 Cobble (-6 to -80)
squares lb  - 4 Pebble (-2 to -60)
5 4 - 2
6 3.36 - 1.75
7 2.83 - 1.5 Granule
8 2.38 - 1.25
10 2.00 - 1.0
12 1.68 - 0.75
14 1.41 - 0.5 Very coarse sand
16 1.19 - 0.25
18 1.00 0.0
20 0.84 0.25
25 0.71 0.5 Coarse sand
30 0.59 0.75
35 1/2 0.50 500 1.0
40 0.42 420 1.25
45 0.35 350 1.5 Medium sand
50 0.30 300 1.75
60 1/4 0.25 250 2.0
70 0.210 210 2.25
80 0.177 177 2.5 Fine sand
100 0.149 149 2.75
120 1/8 0.125 125 3.0
140 0.105 105 3.25
170 0.088 88 3.5 Very fine sand
200 0.074 74 3.75
230 1/16 0.0625 62.5 4.0
270 0.053 53 4.25
325 0.044 44 4.5 Coarse silt
0.037 37 4.75
1/32 0.031 31 5.0
1/64 0.0156 15.6 6.0 Medium silt
Analyzed 
by
Pipette
or
Hydrometer
1/128 0.0078 7.8 7.0 Fine silt
1/256 0.0039 3.9 8.0 Very fine silt
0.0020 2.0 9.0
0.00098 0.98 10.0 Clay
0.00049 0.49 11.0
0.00024 0.24 12.0
0.00012 0.12 13.0
0.00006 0.06 14.0
Wentworth (1922) size classes are the ones used most commonly in this 
study. These are shown in comparison with U.S. Standard sieve size 
mesh, with mm, and with the phi (0) scale (Krumbein).
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layer across the pan’s bottom, and every bit of the sam­
ple was scrutinized for benthic organisms through the 
viewer.* All visible organisms were picked from the 
sample and sorted to class or order into watch glasses. 
Artifacts (plastic, metal) were collected and identified. 
Most organisms recovered were less than 0.5 cm long. A 
pair of fine, curved jeweler's forceps and a long-nosed 
medicine dropper (aperture approximately 2 mm.) were 
most useful for picking up such small creatures.** 
The "sweeping" technique, while tedious, proved to 
be most suitable here. Some small benthic organisms 
such as juvenile bivalved molluscs (many no larger than 
the sand grains they inhabit) do not float, but "roll", 
thus being detectable by the collector. Other animals 
* Other workers have noted (Anderson, 1959) that work­
ing over benthic samples is much more tedious and 
time-consuming than working with either phyto or 
zooplankton samples. For one thing, there is no ac­
ceptable method for subsampling a benthic sample (as 
there is for plankton), so that all of a sample must 
be examined. In addition, it is frequently difficult 
to see the organisms in the sample. Silty samples 
and/or detritus-laden samples compound this problem.
** At least two alternative methods for making benthic 
organisms visible in a sample have been tried: (1) 
staining with various dyes (Hamilton, 1969); and (2) 
the sugar flotation method (Anderson, 1959). The 
latter method was tried briefly in this study, but 
was found costly (it requires a lot of sugar) and in­
effective for our purposes. The purposes included 
retention of specimens in good condition for taxo­
nomic diagnosis and for permanent preservation as 
reference collections. Furthermore, samples fre­
quently contained plant detritus which would float 
along with the animals in sugar-treated samples, and 
thus still require sorting.
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are so tiny and transparent (small nematodes, chirono­
mids) that they cannot be seen except when brushed in a 
very thin layer of particles across the bottom of a 
white pan. With practice, the magnifier lamp was found 
to be adequate for detecting animals less than a milli­
meter long.
Several people assisted in collecting organisms from 
the sieved samples. In each instance, an experienced 
person checked the samples picked over by a new worker 
for several days, until the experienced person could 
find no additional organisms in the picked-over samples.
Final sorting and identification of benthic organ­
isms was done with a microscope, often with darkfield 
illumination. Taxonomic diagnosis for such groups as 
ephemeroptera (mayfly larvae), trichoptera (caddis fly 
larvae), mollusca (snails and bivalved molluscs) could 
frequently be made to genus using the microscope at mag­
nifications up to 100x, in conjunction with several 
diagnostic keys (see bibliography). For generic diag­
nosis other groups such as the chironomids (midge lar­
vae), oligochaetes (segmented worms), Cladocera and 
Copepoda (crustaceans), flatworms and nematodes (round 
worms), the organisms had to be mounted on slides in 
CMC and covered with a #1 coverglass. Since CMC both 
stained and cleared the organisms—such slides could 
then be used for taxonomic diagnosis with the help of a
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compound microscope and appropriate keys (see bibliog­
raphy). An oil immersion lens was frequently used to 
determine certain diagnostic characteristics of these 
animals.
All unmounted organisms were identified, counted, 
tabulated, and saved in 70% ethanol in labelled vials. 
All organisms mounted on slides were identified, counted, 
tabulated, labelled and saved in slide boxes.*
Expert assistance with the identification of certain 
organisms was generously provided: (1) for some of the 
chironomid larvae, Dr. James Sublette, Arizona State 
University; (2) for the oligochaetes, Dr. Walter Harman, 
Louisiana State University at Baton Rouge; (3) for nema­
todes, Dr. Willis Hope, Smithsonian Institution; and 
(4) for some insects, Dr. Harley P. Brown, University of 
Oklahoma.
Two of us (Lott, Kraemer) made and verified the 
other identifications. For some of the better-known, 
commoner benthic organisms, Pennak's (1953) keys were 
adequate (trichoptera , ephemeroptera). For mollusca, 
Burch’s (1973) keys to sphaeriids in the Smithsonian 
Series, and Clarke’s (1974) monograph on freshwater mol­
luscs were helpful. Mason's (1973) key was indispensable 
* At the end of this study, and subject to approval by 
the Corps, it is our intention to place all of the 
benthic organisms in permanent collections of the 
University of Arkansas-Fayetteville Zoology Museum, 
where it will be curated as a unit. This should pro­
vide a reference collection for professional biolog­
ical studies of the Arkansas River benthos.
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for chironomid larvae. Ward and Whipple (1918), Usinger 
(1956) (on aquatic insects), Klemm (1972) (Smithsonian 
series on leeches), Sinclair and Isom (1963) (on the 
introduced bivalve, Corbicula), Pennak (1963) (on 
Copepoda), Brinkhurst (1965) (on oligochaetes)—these 
were also helpful.*
After the complete October sample had been pro­
cessed as above, a list of identified organisms was com­
piled from the raw data sheets. The list was assembled 
in appropriate taxonomic groups, and 4-digit numbers were 
assigned to each category of organisms. The list was 
organized on code sheets. (See Appendix, Table 3).
Then tabulation of numbers of organisms of each kind, 
as well as available physical and chemical data, was 
transferred from the raw data sheets to the code lists 
for each of the 3 samples taken from each of the 56 col­
lection sites. The same procedure was followed for the 
January and the April samples — thereby creating a "data 
dump" for the benthic samples from the Arkansas River.
This data was transferred to computer cards. Com­
puter cards and printouts were retained along with all 
data sheets .
* Weber (1973), in a section on macrobenthos, includes 
a descriptive overview of useful taxonomic keys for 
benthic organisms.
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RESULTS
BENTHIC ANIMALS OF THE ARKANSAS RIVER
Concerning the composition of benthic fauna world­
wide, Hynes (1972, p. 112) notes that "...almost all 
groups of freshwater invertebrates which live on, in or 
near the substratum of running waters, include represen­
tatives of almost every taxonomical group." Several of 
these groups occur only in running water and may reach 
their maximum development and diversity there. Hynes 
(ibid.) asserts "...this is undoubtedly a consequence of 
the permanence of streams as compared with lakes and 
ponds."
In this Arkansas River benthic study, more than
500 samples taken at 4 seasonal intervals (July 1974 
through April 1975) from 13 stations and 56 sites on a 
240-mile stretch of the river were examined. More than 
135 kinds of organisms were identified. 99 were iden­
tified to genus and 15 to species. Most of these can be 
considered under the following 8 groupings.*
1. Nematodes (roundworms)
2. Oligochaetes (aquatic earthworms)
3. Crustacea (copepods, Cladocera, isopods,
crayfish, etc.)
* The sequence is in accord with the taxonomic sequence 
employed by many writers of keys. It is not a se­
quence of numerical importance of organisms in the 
Arkansas River.
41
4. Other Insects
5. Ephemeroptera (insect order of mayfly
larvae)
6. Trichoptera (insect order of caddis fly
larvae)
7. Chironomidae (insect dipteran family of
midge larvae)
8. Mollusca (gastropods or snails and limpets;
pelecypods = bivalves or sphaeriid "pill 
clams", unionid "mussels" and Corbicula, 
an introduced genus, also called the 
"Asian clam".)
In the following discussion all groups found in our 
benthic samples are described. Emphasis is placed on 
the most common forms, the 8 groupings noted above.
The writer anticipates that the reader may very 
likely not be a biologist. Therefore an effort has been 
made to acquaint the reader with some of the character­
istics of each of the several kinds of animals inhabiting 
the Arkansas River benthos.*
* Further comment on this aspect of the benthic report 
is made in the Recommendations section.
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Coelenterata
Only 2 genera of this group were found in our 
samples: Hydra and Craspedacusta sowerbyi. These were
recovered from only 9 samples, and Hydra was the coe­
lenterate collected from 8. Collection data are sum­
marized below (Table 9) .
Collection No. of
Table 9. Coelenterates collected from benthic samples 
in the Arkansas River
Date Stat ion Site R .M . Organism Org.
16 Oct . 19 74 5 4 189 Hydra 3
16 Oct. 19 74 5 3 189 Hydra 1
16 Oct. 19 74 5 3 189 Hydra 1
15 Apr . 19 75 2 1 248 Hydra 3
15 Apr. 19 75 2 1 248 Hydra 10
21 Apr . 19 75 9 1 125 Hydra 2
23 Apr. 19 75 11 2 86 Hydra 140
2 3 Apr . 19 75 11 4 86 Hydra 2
25 Apr . 197 5 13 8 45 C. sowerbyi 1
These small sessile ("sitting") animals have a tub­
ular body, usually not more than 1-2 mm long. One end 
of the animal adheres to the substrate by means of a 
sticky material secreted by basal cells. The other end 
has a circle of 4 to 8 tentacles surrounding the mouth. 
Coelenterates such as Hydra are characteristic inhabi­
tants of littoral, shallow water. Attached to stones
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or twigs, they can move their tentacles about and seize 
and engulf small crustacea (cladocerans, copepods) and 
insects. In turn they may be preyed upon by crusta­
ceans, insects, etc.
Pennak (1953) notes that these animals are typical 
inhabitants of unpolluted streams and rivers.
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Platyhelminthes (flatworms)
Freshwater flatworms found in the Arkansas River 
in this study were very tiny (1 mm long or less). Two 
identifications were made in the October series of sam­
ples, none in the January series, and then a number were 
collected from the April samples. These animals were 
saved as permanent whole mounts on slides, and are tab­
ulated in Table 10 below.
Table 10. Platyhelminthes (flatworms) all Turbellaria 
collected from benthic samples in the 
Arkansas River
Collection Date Station Site R.M.
No. o£ 
Organisms
Oct. 15 , 1974 4 2 199 1
Oct. 15, 1974 5 4 189 1
Apr. 14, 1975* 1 3 283 1
Apr. 14, 1975* 3 1 238 1
Apr. 17, 1975* 4 2 199 1
Apr. 17, 1975* 4 4 199 1
Apr. 17, 1975* 5 2 189 1
Apr. 17, 1975* 5 2 189 1
Apr. 17, 1975* 5 4 189 1
Apr. 18, 1975* 7 4 155 1
Apr. 18, 1975* 7 4 155 1
Apr. 21, 1975* 9 2 125 1
Apr. 23, 1975* 12 2 71 1
Apr. 23, 1975* 12 2 71 1
* Identification confirmed by Walter F. Harman, Dept. 
of Zoology, Louisiana State University, Baton Rouge, 
Louisiana, September 1975.
Identification of these animals, collected by the
standard techniques used in this study, is difficult.
Harman, to whom these worms were sent for taxonomic
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diagnosis (see Materials and Methods) identified then 
only to class (Tubellaria). Reasons for this are ap­
parent when one realizes that more precise taxonomic 
analysis usually requires either (1) submitting spec­
ially preserved specimens to the complex procedure of 
embedding, serial cross-sectioning, staining, etc.; or 
(2) examining the living worms.
Typical freshwater flatworms have a dorso-ventrally 
flattened body and an anterior end which may be distin­
guished in the living worms by a triangular head and a 
pair of dorsal eyespots. (The tiny animals recovered 
from our preserved samples were colorless, somewhat con­
tracted, and the head characteristics were not identi­
fiable.) These worms have a mouth on their mid-ventral 
surface, through which a muscular proboscis can be pro­
truded. The living animals creep along the substrate 
(more often between the substrate particles), extend the 
proboscis like a microscopic elephant's trunk, and feed 
on living or dead animal matter, such as small rotifers, 
protozoa, or nematodes (round worms).
These animals are usually hermaphrodites (both eggs 
and sperm may be produced within the same animal). Many 
freshwater turbellarian flatworms may be reproduced 
asexually (by fission, or division) during warmer sea­
sons of the year. During winter or early spring, they 
may reproduce sexually—producing egg capsules in May or
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June. Some of these worms form cocoons which cannot 
withstand drying, but which can winter over and hatch 
within several weeks in the spring.
Freshwater turbellarians are usually negatively 
phototactic; thus they avoid the light and move to the 
under-surfaces of substrate materials.
Some of these worms characteristically inhabit 
stagnant pools, where they encounter a wide daily tem­
perature change. Some are notably warm-water animals. 
Hynes (1972) characterizes Dugesia tigrina as such an 
animal, which has been found to become inactive at tem­
peratures below 11°C.
Others among these worms seem to be capable of mi­
grating actively for considerable distances through 
drainage systems, and constitute part of the benthic 
fauna characterized (Schwoerbel, 1964 and Hynes, 1972) 
as the hyporheic fauna.
The concept of the hyporheic zone has currency 
among a number of benthological workers. (Hypo = be­
neath; rheic = current.) The term is used to refer to 
that thin (probably not more than a few centimeters deep) 
part of the surface substrate which is just out of the 
direct influence of the current. Still, the zone is 
near enough to the river current to meet the oxygen re­
quirements of the hyporheic fauna.
The hyporheic fauna may be comprised not only of
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small flatworms (turbellaria), but also of coelenterates 
such as Hydra, nematodes (round worms), oligochaetes (a 
class of segmented worms), very small chironomids (midge 
larvae), etc.
Abundance and diversity of the hyporheic fauna
seems to depend on: (1) a substrate with sizeable pore 
spaces, or interstices, through which the little animals 
can move, and (2) an adequate amount of organic detritus, 
upon which the animals may feed. In an area where the 
hyporheic zone is comprised of particles which fill in 
all of the small spaces, or where organic detritus is 
sparce , the hyporheic fauna also seems to be limited.
Note that these organisms are not truly subter­
ranean. Their oxygen requirements preclude their living 
deeper in the substrate, as some larger organisms do. 
One can say, therefore, that the hyporheic zone in riv­
ers may support a true interstitial fauna, i.e. a fauna 
of tiny animals living in the interstices, or spaces 
between the surface substrate particles.
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Nematodes (Round worms)
Round worms or nematodes were not numerous in the 
samples we examined from the Arkansas River. They were 
relatively well—distributed among the 13 sampling sta­
tions on the river, however. A resume of the collection 
data is presented in Table 11 below.
Table 11. Nematodes collected from benthic samples 
in the Arkansas River
Collection Date Station Site R.M. No. of organisms
15 Oct., 1974 4 1 199 1
15 Oct., 1974 4 2 199 1
15 Oct., 1974 4 2 199 2
15 Oct., 1974 4 3 199 2
16 Oct., 1974 5 2 189 2
16 Oct., 1974 6 1 171 4
16 Oct., 1974 7 2 155 1
16 Oct., 1974 7 4 155 6
17 Oct., 1974 8 1 147 4
17 Oct., 1974 9 3 125 2
17 Oct., 1974 9 4 125 1
21 Oct., 1974 10 3 106 1
21 Oct., 1974 10 5 106 1
21 Oct., 1974 11 2 86 1
22 Oct. , 1974 12 1 71 7
22 Oct., 1974 12 1 71 9
22 Oct., 1974 12 2 71 1
23 Oct., 1974 13 1 46 1
15 Jan., 1975 2 1 248 5
16 Jan., 1975 5 1 189 1
20 Jan., 1975 7 2 155 1
20 Jan., 1975 7 4 155 1
21 Jan., 1975 9 2 125 1
21 Jan., 1975 9 4 125 1
21 Jan., 1975 10 3 108 1
22 Jan., 1975 10 6 108 2
22 Jan., 1975 11 1 86 1
24 Jan., 1975 13 2 45 1
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Table 11 (continued)
Collection Date Station Site R.M. No. of organisms
17 Apr., 1975 4 4 199 1
17 Apr., 1975 5 2 189 1
18 Apr., 1975 7 2 155 1
18 Apr., 1975 8 1 147 1
18 Apr., 1975 8 1 147 20.0
18 Apr., 1975 8 3 147 1
22 Apr., 1975 10 2 108 1
22 Apr., 1975 10 4 108 3
23 Apr., 1975 12 2 71 3
Nematodes are thought to have originated in fresh 
water and to have spread out to occupy many habitats in 
great numbers. In rivers they may constitute a signif­
icant portion of the hyporheic fauna (discussed in sec­
tion on flatworms) and they also may be of mechanical 
importance in working over and mixing benthic soils.
While adult worms may be relatively tolerant of 
anaerobic conditions, the eggs of these animals are re­
markably resistant to low oxygen, as well as to freezing 
and thawing. Nematodes can thus be expected to be likely 
colonizers, following environmental stress.
These small worms are readily recognized when alive 
because of their ’’lashing” movements, produced by the 
repeated contractions of longitudinal body muscle. Such 
movement seen in a living nematode in a drop of water 
under the microscope can strike the human observer as a 
futile locomotor effort. In the bottom sediments where 
these round worms live, however, such head-tail body
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contractions are extremely effective in locomotion.
Many nematodes are translucent. Many have separate 
sexes (they are dioecious). Unfortunately for the tax­
onomist, a number of these worms may have four or five 
molts, and the secondary sexual characteristics (of male 
and female) which are often required for accurate tax­
onomic diagnosis, may not appear until one of the final 
molts (See Pennak, 1953).
In our benthic samples, the small (about 1 mm long), 
cylindrical worms were poorly preserved, (all nematodes 
were mounted whole on permanent slides). Identification 
involves discerning microscopic characteristics asso­
ciated with the pointed anterior and posterior ends of 
these animals. Identification to generic level or 
species level also involves considerable expertise. Dr. 
Willis Hope (Smithsonian Institution) provided the fol­
lowing identifications for a number of the specimens 
sent to him:
4 specimens which could be identified only as 
far as the family Monohysteridae
6 specimens were placed in the genus Monhystera
1 specimen placed in the genus Tobritus 
(common in freshwater benthos)
40 specimens placed in the family Mermithidae 
(common in freshwater benthos)
Mermithids are free-living as adults but are parasites 
of insects, freshwater crustaceans and other invertebrates 
during their juvenile stages. It seems likely that the 
mermithids, identified from our Arkansas River samples,
51 
are parasites of some of the chironomid larvae* we have 
found there.
A glance at Table 12, which summarizes the sites 
and stations and seasons for which nematodes were col-* 
lected, reveals that: In the October 1974 samples, ne­
matodes were recovered from 10 consecutive stations 
(Stations 4—13); in the January 1975 samples, 7 stations 
(Stations 4, 6, 7, 9, 10, 11, 13); and in the April 1975 
samples, 6 stations (Stations 4, 5, 7, 8, 10, 12).
The data in Table 12 on nematodes in the Arkansas 
River benthos are too few to justify correlating it 
with available physical and/or chemical data, in the 
view of the writer. Also, the greater portion of those 
nematodes identified to family were mermithids putatively 
dependent upon an invertebrate host, rather than more 
directly on usual features of the hyporheic environment.
* If the reader has the opportunity to observe a fresh 
benthic sample, he may make this observation for him­
self. Within the translucent integument of chiron­
omid larvae, for example, one can occasionally see, 
quite clearly, one of these small nematode worms. 
The worm can be removed intact from its host with 
fine forceps.
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TABLE 12
Summary of Arkansas River stations from which Nematodes were collected,
1974, 1975.
No. of 
Sites
Station 
No.
(approx.)
R.M. Oct. 74
Sampling Dates
Jan. 75 Apr. 75
No . of
Organisms
(3) 1 283 0
(4) 2 248 X 5
(1) 3 238 0
(4) 4 199 XXX X 7
(4) 5 189 X X X 4
(4) 6 171 X 4
(4) 7 155 XX XX X 10
(3) 8 147 X XX 26
(4) 9 125 XX XX 5
(6) 10 106 XX XX XX 9
(4) 11 86 X X 2
(4) 12 71 XX X 20
(10) 13 45 X X 2
Legend:
"No. of Sites" indicates number of collection sites within each station. 
Note, for example, that Station 3 had only 1 collection site, while 
Station 13 had 10.
"X" represents a single station site from which nematodes were identified.
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Oligochaetes (Aquatic Earthworms)
These aquatic relatives of the earthworm are del­
icate and small by comparison with the more robust ter­
restrial forms. (Adults may be 1-3 mm. in diameter, 
and often about 30 mm. long). Many of the river forms 
belong to the family Tubificidae and build smooth branch­
ing tubes of tiny particles. Such "worm tubes" were 
common in many of our Arkansas River samples. Oligo­
chaete worms were encountered less frequently, but oc­
casionally occurred in large numbers. Collection data 
are summarized in Table 13.
Distribution of oligochaetes through our Arkansas 
River samples was obviously spotty. Most of the animals 
were collected at the lower end of the study reach from 
Station 13, especially from sites 4, 8, and 9. All 
three sites lie within a backwater bend near Mud Lake at 
R.M. 45. (See Volume I). In the October 1974 samples, 
9 3% of the oligochaetes were collected from these 3 sites 
in Station 13. In the January 1975 samples, 89% of the 
oligochaetes were collected there, and in April 1975, 
90% were from there.
Arkansas River samples containing large numbers of 
oligochaetes had a general appearance very different 
from the other benthic samples. Oligochaete-laden sam­
ples were invariably silty, with scarcely any sand sub­
strate, but contained many woody twigs and bits of dead
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TABLE 13
Oligochaetes collected from benthic samples in the Arkansas River.
Collection
Date Station Site R.M. No. of Organisms Station Total
16 Oct. 74 6 2 171 4 4
17 8 2 147 1 1
21 10 1 108 1 1
21 12 1 71 1
22 12 4 71 60 61
22 13 9 45 175
22 13 8 45 55
22 13 8 45 140
22 13 8 45 30
22 13 8 45 18
22 13 4 45 60
22 13 4 45 100 578
15 Jan. 75 2 1 248 1
15 2 1 248 2
15 2 2 248 1 4
16 4 3 199 4 4
20 7 2 155 4
20 7 2 155 2
20 7 3 155 2 8
21 9 3 125 4
21 9 4 125 24 28
21 10 3 108 3
21 10 3 108 9
22 10 6 108 1 13
22 11 2 86 1 1
23 12 1 71 1
23 12 2 71 1 2
24 13 2 45 1
24 13 4 45 3
24 13 4 45 3
24 13 8 45 19
24 13 8 45 131
24 13 8 45 50
24 13 8 45 11
24 13 9 45 177
24 13 9 45 92 487
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Collection
TABLE 13 (continued)
Date Station Site R.M. No. of Organisms Station Total
14 Apr. 75 1 1 283 8
14 1 1 283 21
14 1 2 283 13 42
15 2 4 248 1 1
17 3 3 199 1 1
17 4 4 199 1
17 4 4 199 3 4
17 5 2 189 4
17 5 3 189 1
17 5 4 189 1 6
18 7 2 155 1
18 7 2 155 1
18 7 3 155 2
18 7 3 155 3
18 7 4 155 1
18 7 4 155 1 9
18 8 2 155 2 2
22 10 2 108 1
22 10 2 108 1
22 10 3 108 1
22 10 6 108 1 4
23 11 2 86 1
23 11 2 86 9
23 11 2 86 1 11
23 12 1 71 1
23 12 1 71 1
23 12 2 71 4
23 12 2 71 2 8
24 13 2 45 2
24 13 4 45 93
24 13 4 45 169
24 13 4 45 86
24 13 5 45 1
24 13 6 45 2
24 13 8 45 136
24 13 8 45 190
24 13 8 45 110
24 13 8 45 88
24 13 9 45 157
24 13 9 45 114
24 13 10 45 1 1149
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leaves. Examining a sample fraction in a small watch- 
glass under the microscope can be a dismaying sight for 
the collector! A veritable miniature snake pit, the 
worms are frequently long, slender and fragile, and are 
twined round and round twigs and sticks and each other, 
in a vast complex of zoological knots. Gentle, patient 
teasing with Minuten-Nadlen dissecting needles eventually 
frees many of the worms for proper tabulation. Often 
the worms are comprised of a seemingly endless series of 
zooids with delicate, membranous connections inbetween. 
It is thus a patience-testing, long way from detecting 
the head end of the worm,* to finding the ultimate tail  
end of the worm. Sometimes a tally has to be made just 
from summing up all the head ends.
Pennak (1953, p. 278) describes the habitat encoun­
tered by all workers with aquatic oligochaetes, when he 
reminds the reader, ’’...the great majority of ... species 
are (sic!) common in the mud and debris substrate of 
stagnant pools and ponds and in streams and lakes every­
where.”** Many investigators have attempted to find 
indicator organisms among the oligochaetes which might
* (The anterior or head end of an oligochaete worm has 
a distinctive ’’upper lip” or prostomium, which forms 
a hood-like projection over the mouth.)
** Pennak (ibid.. p. 281) also comments, ”By far the 
most concentrated populations (of oligochaetes) are 
found in streams and rivers polluted with sewage,” 
where worms such as Tubifex tubifex occur in ’’dense, 
waving masses."
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be utilized in environmental pollution studies. Brink­
hurst (1965, p. 61) dissects the issue with this strong 
statement:
"I am prepared to state quite categorically 
that there is no such thing as a universal indica­
tor species of worm, the presence or absence of 
which will indicate the degree of pollution by all 
or any effluent. I venture to suggest that this is 
true for other taxonomic groups, even more so of 
entire families, as insects. The foundation for 
the search for such (indicator) species, usually in 
relation to organic pollution, appears to be that 
the more widely distributed and catholic in its 
requirements a species is, the more likely it will 
survive in extreme habitats, free from the compe­
tition of more specialized and possibly, thereby, 
more efficient related organisms. I have been 
struck by this point in considering the biology of 
several very common species, not least of which are 
Tubifex tubifex and Limnodrilus hoffmeisteri."
Further discussion of the putative value of aquatic 
oligochaetes as "pollution indicators" may be found la­
ter in this report.
Many of these worms live with their head ends stuck 
into a smooth finely constructed tube, into which the 
whole worm quickly withdraws when disturbed. The rear 
end of the worm may be covered with a lavish fringe of 
slender anal gills, which normally protrudes, waving, 
from the animal's tube. The active waving movements of 
the worm speed up as oxygen tensions decline—up to a 
point. Thus the movements are thought to be aeration 
movements, which circulate the water. Called "blood 
worms", many of these animals are bright red when alive, 
because of the red, oxygen-carrying pigment, erythrocrurin,
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circulating through their translucent bodies.
Oligochaetes such as Limnodrilus hoffmeisteri have 
long been tabbed as being THE animal in oxygen—poor wa­
ters. Recent experimental evidence (Beeton, et al., 
1975) indicates that such oligochaetes do not seek an 
oxygen-poor habitat, but simply have the capacity to 
survive well in oxygen-limited environments.
Aquatic oligochaetes feed on algae, diatoms, etc. 
in bottom mud, thereby mixing and reworking the sub­
strate. Most of the worms are found in shallow water, 
though they can live in deep water, too. They can live 
near the benthic surface, as well as deeper than a meter 
down into the bottom muds. They can migrate actively 
through drainage systems; but probably achieve more rap­
id distribution through dissemination of their minute, 
resistant cocoons.
Reproduction may be by asexual budding, whereby 
long chains of individuals called ’’zooids” are produced, 
probably at the rate of one every 2-3 days. These zooids 
develop between the head and the tail of the worm. Par­
adoxically then, one such worm is also a colony of worms 
which share a head and a tail. Sexual reproduction a­
mong these hermaphroditic (one animal produces both eggs 
and sperm) animals occurs seasonally* and results in the
* The April 1974 and January 1975 samples contained few 
cocoons. The April 1975 oligochaete samples, however, 
contained hundreds of cocoons.
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deposition of embryo-containing cocoons on rocks, vege­
tation, etc.
Taxonomic diagnosis is possible on adult worms. It 
is made difficult because preservation by techniques such 
as those used in this study strongly contracts and dis­
torts the worms. With such material, careful anatomical 
work is precluded. We made a number of whole mounts on 
microscope slides, as well as some compressed mounts, of 
representative oligochaetes from our samples.*
Dr. Walter Harman (Louisiana State University, 
Baton Rouge) was kind enough to send the following iden­
tifications of a number of Arkansas River specimens sent 
to him from the April benthic samples (See Table 14).
* Taxonomic characteristics of importance for oligo­
chaetes include numbers of segments and many micro­
scopic features of the arrangement and shape of the 
small bristle-like setae. These setae appear on many 
of the worm's segments, arranged in 4 bundles, 2 dor­
solateral and 2 ventrolateral. Pennak (1953, p. 286) 
notes two compounding problems relating to taxonomic 
work with aquatic oligochaetes: "...the published 
literature is often confusing because it is not made 
clear whether lengths refer to a single anterior 
zooid or to a whole chain of zooids;" and later, "It 
is unfortunate that identification...depends on 
(analysis of) internal details of the reproductive 
system...It is this tedious procedure that has dis­
couraged taxonomic investigations of these animals."
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Table 14
Some of the oligochaetes identified from Arkansas River benthic samples*
* Identified by W. Harman; L.S.U., Baton Rouge.
Organism Station Site R.M. Collection Dat
Unidentified Enchytraeidae 7 2 155 18 April 1975
Immature tubificids 7 2 155 18 April 1975
Unidentified Enchytraeidae 10 2 108 22 April 1975
Paranais frici 10 2 108 22 April 1975
Limnodrilus udekemianus 13 4 45 24 April 1975
Aulodrilus pigueti, and
immature tubificid 13 4 45 24 April 1975
Tubifex tubifex 13 9 45 25 April 1975
Limnodrilus claparedianus/cervix
intermediate 13 9 45 25 April 1975
Limnodrilus hoffmeisteri 13 9 45 25 April 1975
Limnodrilus spiralis 13 10 45 25 April 1975
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Hirudinea (leeches)
Leeches, which belong to the same phylum as the 
oligochaetes (Phylum Annelida), were rare in the Arkan­
sas River benthic samples. Our findings are summarized 
in Table 15 below:
Table 15. Leeches collected from benthic samples in
the Arkansas River
Collection Date Station Site R.M. No. of Organisms
22 Oct . 74 13 4 45 3
24 Jan. 75 13 8 45 1
24 Jan. 75 13 8 45 1
25 Apr . 75 13 8 45 1
Each of the specimens we found was small (8 mm long or 
less), with the distinctive features of leeches: (1) a 
body externally divided, always, into 34 segments; (2) 
dorsoventrally flattened body; (3) anterior sucker which 
surrounds the mouth; and (4) a much larger posterior or 
caudal sucker, with which the live animal adheres to the 
substrate.
In summer, leeches are capable of aestivating in 
bottom mud. In the winter they may stay in substrate in 
a semi-dormant state. They are typically active at 
night. Leeches are most apt to be found in shallow, pro­
tected water, where there is plenty of vegetation, etc., 
for attachment and concealment.
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Identifiable organisms should be relaxed before 
preserving, to avoid the contractions and anatomical 
distortion of specimens preserved by the standard tech­
niques used in this study. Klemm’s key, recently pre­
pared (1974) as part of the Smithsonian Series, is most 
useful for work on suitable material. Numbers and ar­
rangement and location of the eyes, as well as numbers 
of annuli associated with the segments are helpful tax­
onomic characters.
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Arthropoda: Crustacea
Crustacea, the large group of aquatic arthropods, 
is a much more characteristic part of the planktonic 
fauna in the Arkansas River than of the benthic fauna. 
The animals in this group typically have gills and two 
pairs of antennae, and most of the body’s segments have 
pairs of jointed appendages. In the Arkansas River ben­
thos, there are representatives of the following six 
orders of Crustacea:
1) Ostracoda (seed shrimps)
2) Cladocera (water fleas)
3) Copepoda (copepods)
4) Decapoda (shrimps, crayfishes)
5) Isopoda (aquatic sow bugs)
6) Amphipoda (sideswimmers)
Decapoda (shrimps, crayfishes) appeared only in some 
of the ichthyological collections Dr. Buchanan made for 
this study. In the benthic samples, Crustacea were per­
sistent, rather than abundant. Frequently a sampled 
site would include one or two of the animals. Very few 
of these were Ostracods, Isopods or Amphipods; and col­
lection data for those is summarized in Table 16. Al­
most all of the Crustacea taken from the benthic samples 
were Cladocera (summarized in Table 17) or Copepods 
(summarized in Table 18).
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Table 16
Ostracods (seed shrimps), Isopoda (aquatic sow bugs) 
and Amphipods (sideswimmers) collected from 
benthic samples in the Arkansas River
Collection 
Date Station Site R.M. Organism
No. of
Organisms
17 Oct. 74 8 3 147 Ostracods 1
15 Apr. 75 2 4 248 Ostracods 1
24 Jan. 75 13 9 45 Gammarus
(Amphipod)
2
17 Apr. 75 4 4 199 Isopoda 1
23 Apr. 75 11 2 86 Isopoda 3
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TABLE 17
Cladocera collected from benthic samples 
in the Arkansas River
Collection 
Date Station Site R.M. Organism No. of Organisms
22 Oct. 74 13 8 45 Holopediam
amazonicum 1
23 13 3 45 Holopedium 1
16 Jan. 75 5 ' 3 184 Daphnia 1
23 12 3 71 Daphnia 1
24 12 4 71 Holopedium 1
24 13 3 45 Daphnia 1
24 13 5 45 Daphnia 1
24 13 7 45 Daphnia 1
24 13 7 45 Coriodaphnia 1
24 13 10 45 Daphnia 1
18 Apr. 75 7 1 155 Daphnia 1
22 10 1 108 Daphnia 2
22 10 3 108 Daphnia 1
23 11 2 86 Daphnia 1
23 11 2 86 H. amazonicum 1
23 11 3 86 Daphnia 2
23 12 2 71 Daphnia 1
24 13 2 45 Daphnia 1
24 13 4 45 Holopedium 1
24 13 4 45 Daphnia 1
6 6
TABLE 18
Copepoda collected from benthic samples 
in the Arkansas River
Collection 
Date Station Site R.M. Organism No. of Organisms
15 Oct. 74 4 3 199 Eucyclops 2
16 5 2 189 Eucyclops 1
16 5 2 189 Calanoid 1
22 12 1 71 Calanoid 1
23 13 6 45 Copepoda 1
23 13 7 45 Copepoda 1
14 Jan. 75 1 4 283 Cyclopoid 1
20 7 2 155 Copepoda 1
21 10 3 108 Copepoda 1
22 10 5 108 Copepoda 1
24 13 9 45 Copepoda 1
17 Apr. 75 4 2 199 Calanoid 1
18 7 3 155 Cyclopoid 1
22 10 3 108 Diaptomus 1
23 12 2 71 Cyclopoid 3
24 13 4 45 Diaptomus 1
25 13 8 45 Cyclopoid 1
6 7
Only Cladocera and Copepoda were taken with any 
regularity from the benthic samples in this study. Cla­
docera and Copepoda are tiny animals (between 0.2 and 
3.2 mm long), appearing as minute colorless specks in 
our benthic samples. Under the microscope, these ani­
mals may easily be distinguished from each other.
Cladocera characteristically have a transparent 
shell which covers the thoracic and abdominal regions. 
The head is typically bent down and possesses a small 
first pair of antennae and a very large second pair of 
antennae (so large, they frequently appear as elaborate, 
jointed oars on either side of the head). A conspicuous 
feature of a cladoceran is its large compound eye, which 
looks like a jeweled flower in its head. The eye is 
comprised of a mass of dark pigment granules surrounded 
by a rim of shiny, translucent lenses and attached to 3 
minute motor muscles. In the benthic debris, cladocer­
ans may hop, totter, or "kick’' themselves along with the 
post-abdomen, or even propel the long second antennae in 
the manner of oars along the substrate. Cladoceran pop­
ulations are largely comprised of females; and the ani­
mals typically undergo changes in their appearance of 
their helmet-shaped heads with changing seasons.
Copepods are known to tolerate oxygen-poor condi­
tions more readily than cladocerans. Their distinctly 
segmented bodies are divided into a head, thorax,
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abdomen, and cephalothorax. Frequently the copepod body 
shows a division, overall, into two parts: the anterior 
metasome and the posterior urosome. Three free-living 
suborders of the Copepods are characterized by different 
feeding habits:
Copepod Suborder
Representative 
Organism Feeding Habit
Calanoid Copepods Diaptomus filtration of 
plankton (antennae 
produce current)
Cyclopoid Copepods Eucyclops seize, bite one- 
celled plants, 
bottom debris
Harpacticoid 
Copepods rake, seize, scrape 
food from bottom
Copepod antennae include a very long first pair which is 
used in locomotion; which may be modified in the male 
into a copulatory organ. The short, second pair of an­
tennae appear to be primarily sensory in function.
Crustacean animals were too few in the benthic sam­
ples to warrent relating their presence to the avail­
able physico-chemical data.
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Arthropoda: Hydracarina (water mites)
These animals are almost exclusively freshwater in­
habitants; and while they tend to be more abundant in 
Iotic waters, they are not uncommon near the edges and 
in shallow waters of streams. Water mites resemble 
small spiders, except that the head, thorax and abdomen 
are fused into one structure, and thus no segmentation 
of the body is visible.
Living water mites may be easily detected because 
of their rapid scurrying movement over the substrate, 
and also because they are brightly colored. In the 
Arkansas River benthic samples, most of the animals 
noted were about 2 mm long, and were collected from the 
April samples (Table 19). The life-span of these ani­
mals is probably not more than a year. Most of them are 
carnivorous; a number being parasitic, and a few feed on 
dead organisms and/or plant material. In turn, predaceous 
insects may feed on them.
Numbers of water mites collected from the Arkansas 
River benthic samples were too few to warrant relating 
their presence to the available physico-chemical data.
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TABLE 19
Hydracarina (water mites) collected from 
benthic samples in the Arkansas River
Collection
Date Station Site R.M. Organism No. of Organisms
22 Oct. 74 13 9 45 Limnesia 1
21 10 5 108 Hydrachna 1
16 Jan. 75 5 1 184 Hygrobatidae 1
17 Apr. 75 4 2 199 Hydrachna 1
17 4 4 199 Hydrachna 2
17 6 1 171 Hydrachna 1
17 6 4 171 Hydrachna 1
22 10 1 108 Hydrachna 1
22 10 5 108 Hydrachna 2
22 10 6 108 Hydrachna 1
23 12 2 71 Hydrachna 1
24 13 1 45 Hydrachna 2
24 13 1 45 Hydrachna 1
25 13 8 45 -— 1
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Arthropoda: Insects
All species of the insect orders Plecoptera (stone 
flies), Ephemeroptera (mayflies), Odonata (dragon flies, 
damsel flies), and Trichoptera (caddis flies) have 
aquatic larvae. In addition, the order Diptera (flies, 
mosquitoes, midges) has many species with aquatic lar­
vae. In the Arkansas River benthic samples, few Odonata 
and Plecoptera were collected; but the Ephemeroptera, 
Trichoptera and Diptera were well represented. These 
three will be briefly discussed below.
Order Ephemeroptera (mayflies)
These are the insects whose truly ephemeral adults 
live seldom longer than to mate in swarms, and then to 
oviposit (in or on the water); a period of only a few 
hours, at most a week. Paradoxically, the aquatic lar­
vae of these insects, called nymphs, may live a year, 
and in some instances 2-3 years, going through as many 
as 40 molts in the process! In the preserved Arkansas 
River benthic samples, these animals floated like minute 
dark eyelashes, or were picked off surfaces of cobbles 
or boulders. Seen under the microscope, the larvae (3- 
28 mm long) bear no resemblance to the delicate, winged 
adults. With their big dorsal compound eyes and flat­
tened, elongate bodies covered with thickly-fringed ab­
dominal gills, and ensconced between wide, strong legs,
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these nymphs are redoubtable inhabitants of benthic 
stream communities. In addition to their conspicuous 
gills, another characteristic which helps to make them 
quickly recognizable under the microscope is the two or 
three long tapering caudal appendages.
Three families of mayflies have distinctive habits: 
Ephemeridae burrow in mud and detritus;
Baetidae do not burrow, are more character­
istic of standing water, and sprawl on many 
different kinds of substrates;
Heptageniidae are "flattened sprawlers" char­
acteristic of streams.
The nymphs move about on the substrate, feeding on 
plant materials with their grinding mandibles. In turn 
they are important fish food items.
Ephemeroptera collected from the Arkansas River 
benthic samples (summarized in Table 20) most often ap­
peared in samples containing substantial amounts of 
twigs and other detritus. In samples from the lower end 
of the study reach they were found in samples containing 
oligochaetes and pill clams. In samples from the upper 
end of the study reach they were found in samples con­
taining caddis fly larvae and snails.
Leonard (1965) has reviewed what is known about 
environmental requirements of Ephemeroptera. He re­
ported some evidence to indicate DO as low as 0.70 ppm 
(near the bottom) has been implicated as lethal to may­
fly larvae. It is not likely that DO is affecting dis­
tribution of these larvae in the Arkansas River.
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TABLE 20
Ephemeroptera (mayfly larvae) collected from 
Arkansas River benthic samples
Collection Date Station Site R.M. Organism No. of Organisms
15 Oct. 74 2 2 248 Hexagenia 4
15 2 3 248 Hexagenia 5
15 2 4 248 Hexagenia 60
15 4 1 199 Caenis 2
15 4 2 199 Hexagenia 23
15 4 2 199 Caenis 2
15 4 3 199 Caenis 2
16 5 4 189 Caenis 2
16 5 4 189 Ephemeridae 2
16 5 4 189 Heptageniidae 2
16 5 4 189 Caenis 3
16 5 3 189 Heptageniidae 1
17 9 2 125 Pentagenia 2
21 11 2 86 Pentagenia 1
21 11 4 86 Pentagenia 1
22 13 9 45 Pentagenia 1
22 13 4 45 Pentagenia 1
14 Jan. 75 1 1 283 Hexagenia 7
14 1 1 283 Pentagenia 2
15 2 1 248 Stenonema 1
15 2 3 248 Hexagenia 2
20 7 4 155 Hexagenia 1
21 10 3 108 Hexagenia 1
24 13 4 45 Stenonema 2
24 13 8 45 Hexagenia 28
24 13 9 45 Hexagenia 20
24 13 9 45 Pentagenia 2
15 Apr. 75 2 1 248 Stenonema 2
17 5 3 189 Ephemeridae 2
22 10 5 108 Heptageniidae 1
23 11 2 86 4
23 11 3 86 Pentagenia 1
24 13 4 45 Hexagenia 3
25 13 8 45 Hexagenia 39
25 13 9 45 Hexagenia 2
7 4
Leonard (ibid., p. 113) does cite data to indicate abun­
dance of mayfly larvae may be affected by substrate:
"In 'natural', pollution-free streams ... the numbers 
of individuals and volume of nymphs (but not neces­
sarily numbers of species) are lowest in sand-bot­
tom sections, increase through material of larger 
size, and reach a maximum in coarse gravel and rub­
ble and in mud suitable for burrowing forms."
As seen in Arkansas River benthic samples, mayfly larvae 
were absent from many sites in the middle of the study 
reach (see Table 20) where the sample’s substrate was 
most frequently sand. It would seem that substrate par­
ticle size could be one of the important factors deter­
mining distribution and abundance of mayfly larvae in 
the Arkansas River.
It’s apparent from Table 20 that the occurrence of 
mayfly larvae decreased in the benthic samples from Oc­
tober to April. This may simply reflect seasonal changes 
in the life cycle of mayflies. It is also apparent that 
these animals tended to appear in benthic samples from 
both ends of the study reach, and that concentrations 
were greater at the upper end (R.M. 248) in October, and
at the lower end (R.M. 45) in January and in April.
7 5
Order Trichop tera (caddis flies)
The caddis fly life cycle resembles that of the 
mayfly in that the longest part of its life is spent as 
a larva. Adult caddis flies live 30 days or less, dur­
ing which time mating occurs and the females lay their 
eggs, usually under the surface of the water. The ani­
mals typically over-winter as larvae, pupate in the late 
spring or summer, and emerge as adults after about 2 
weeks. Like the mayflies, the caddis flies have a com­
plex life cycle—the latter with about 7 larval instars 
before pupation. Like the mayfly larvae, caddis fly 
larvae are very important to the diets of many fish. 
Pennak notes (1953) fish can be observed to pick the 
caddis fly larvae out of the benthic debris, and "swal­
low them, case and all."
Unlike the mayfly larvae, caddis fly larvae typ­
ically build elaborate cornucopia-shaped cases of sticks, 
twigs, organic debris, sand grains, etc. Composition, 
architecture and texture of the trichopteran cases var­
ies with the larval species, as well as with the habi­
tat of the animal. Swift water inhabitants may use 
heavier materials in case construction.
Trichopteran larvae found in the Arkansas River 
benthic samples are tabulated in Table 21. Summary data 
in Table 22 indicate much greater abundance in October, 
than in January or April. Incidence and distribution in
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TABLE 21
Trichoptera (caddis fly larvae) 
collected from benthic samples in the Arkansas River
Collection
Date Station Site R.M. Organism No. of Organisms
15 Oct. 74 2 2 248 Polycentropus 1
15 2 3 248 Polycentropus 6
15 3 1 238 Smicridea 1
15 4 1 199 Psychomyia 1
15 4 2 199 Polycentropus 9
15 4 2 199 Cheumatopsyche 12
15 4 2 199 Hydropsyche . 3
15 4 2 199 Psychomyia 4
15 4 2 199 Smicridea 16
15 4 2 199 Leptocercus 1
15 4 3 199 Polycentropus 2
15 4 3 199 Cheumatopsyche 11
15 4 3 199 Hydropsyche 35
15 4 3 199 Smicridea 4
15 4 4 199 Hydropsyche 11
15 4 4 199 Smicridea 9
15 4 4 199 Cheumatopsyche 5
16 5 4 189 Smicridea 10
16 5 4 189 Polycentropus 7
16 5 4 189 Cheumatopsyche 2
16 5 3 189 Psychomyia 2
16 5 3 189 Smicridea 7
16 5 3 189 Leptocercus 1
22 13 8 45 Mollana 3
14 Jan. 75 1 1 283 Hydropsyche 2
14 1 1 283 Polycentropus 1
14 1 2 283 Cheumatopsyche 4
15 2 1 248 Cheumatopsyche 2
15 2 1 248 Hydropsyche 2
15 2 1 248 Psychomyia 1
15 2 1 248 Smicridea 2
15 2 2 248 Hydropsyche 1
16 4 1 199 Cheumatopsyche 1
16 4 2 199 Cheumatopsyche 1
16 4 3 199 Smicridea 2
16 5 1 189 Cheumatopsyche 1
20 7 1 155 Smicridea 1
21 9 3 125 Hydropsyche 1
21 10 1 108 Polycentropus 1
24 13 4 45 Smicridea 1
24 13 9 45 Smicridea 2
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TABLE 21 (continued)
Collection 
Date Station Site R.M. Organism No. of Organisms
14 Apr. 75 2 1 248 Smicridea 4
14 2 1 248 Cheumatopsyche 6
14 2 1 248 Hydropsyohe 5
14 2 2 248 Cheumatopsyche 3
14 2 3 248 Cheumatopsyche 1
17 4 1 199 Cheumatopsyche 1
17 4 1 199 Smicridea 1
17 4 2 199 Smicridea 2
17 4 3 199 Leptocercus 1
17 4 3 199 Hydropsychidae 1
21 9 1 125 Psychomyia 1
23 11 2 86 Smicridea 2
24 12 3 71 Hydropsychidae 1
25 13 8 45 Mollana 2
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the study reach doesn't show a comparable seasonal 
change.
Table 22. Incidence and abundance of Trichoptera
(caddis fly) larvae in the Arkansas River benthic samples
Sample Series # of Orgs./M2 Incidence of Occur. (%)
October 1974 3119.82 18.2%
January 1975 497.64 23.6%
April 1975 593.34 18.2%
Caddis fly larvae were typically found in samples 
containing detritus in this study, often in the same 
samples which contained mayfly larvae. The greater in­
cidence of larvae found in October samples probably re­
flects events of their reproductive cycle.
Caddis fly larvae usually begin to build cases soon 
after hatching. The case is added onto as the animal 
grows. A secretion from the larva is used to glue the 
case particles together. Case-building caddis fly lar­
vae have sturdy anterior legs, and a heavily sclerotized 
head and anterior thoracic segments. In contrast, the 
posterior part of the body (frequently protected by the 
case) is comprised of soft abdominal segments, often 
equipped with delicate, simple branched gills, and small 
posterior legs, which may have strong hooks for holding 
on to the case or to the substrate. These animals may
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be from 3-12 mm or more long.*
In the water, caddis fly larvae may walk about, 
pulling their cases, or may stand fast, "towing” the 
case.** Some cases are not portable. The animals seem 
to move continually within their cases, producing a con­
tinuous current of water over their bodies. Many of 
these larvae are omnivorous, some carnivorous. Food 
swept into their cases may be diatoms, other algae, small 
crustaceans and insect larvae. Caddis fly larvae which 
build nets may just eat the food material which collects 
on the inner surface of their nets. Two caddis fly 
genera, Macronema and Potamyia are found in the largest 
rivers. Some species of these genera construct their 
nets on rocks in the full force of the river current.
Some of the most common genera found in the Arkan­
sas River are Hydropsyche and Cheumatopsyche. Not sur­
prisingly, these are two of the most widely distributed 
caddis fly genera. In their Savannah River studies, 
* Taxonomic diagnosis is often based on microscopic 
scrutiny of projections (stridulators) at the base 
of the anterior legs, characteristics of the scler­
otized plates on the head and/or thorax, structure 
of the gills, appearance of some of the mouth parts.
** Bournaud (1975) has devised techniques to calculate 
the coefficient of resistance for the larva-case 
complex, finding it to be high (Cw=0.89) at veloci­
ties above 55 cm/sec., but higher still at velocities 
below 55 cm/sec. Also, he finds that changes in 
water velocity are accompanied by changes in the lar­
val behavior.
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Gordon and Wallace (1975) found Hydropsyche and Cheum­
atopsyche to be the dominant trichopteran larvae of the 
river basin—dominant in numbers of individuals and dom­
inant in numbers of species . These authors point out 
that identification of members of these 2 genera to 
species might give a very different picture of the 
seeming ’’tolerance" of the two genera.
Roback (1965) in reviewing the environmental re­
quirements of caddis fly larvae contrasted apparent 
ranges of "tolerance" of some of these animals with 
physico-chemical features of the habitat where most of 
them usually occur. He found, for example, that while 
many of these forms exhibit some optimum preferences 
(e.g. such as methyl orange alkalinity of 100 ppm) some 
caddis fly larvae may occur over a wide range (e.g. from 
10-550 ppm methyl orange alkalinity). The same obser­
vation can be made for chloride levels, CO2 , DO, BOD, 
iron, total hardness, phosphates, temperature, turbidity, 
etc.
Wallace (1974), Wallace et al. (1975) review evi­
dence to indicate that the distribution of various net- 
spinning caddis fly larvae may be due to "food-partit­
ioning" as it is affected by the different mesh size 
(therefore different food particles which may be cap­
tured) of different caddis fly larvae, at different 
current velocities.
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A number of workers have attempted to ascertain 
critical factors in the distribution of trichopteran 
larvae, as global inhabitants of running water. Some 
of these are tabulated in Table 23.
Teasing out factors actually relevant to the dis­
tribution of a group of animals is not easy. Investi­
gators realize, for example, that species of caddis fly 
larvae commonly occurring at low altitudes, may be there 
because of their apparent ability to withstand increas­
ing temperatures and/or turbidities.
Logistical problems in establishing the parameters 
of stream habitat continue to nag. Gordon and Wallace 
(ibid.) note, for example, that data relating trichop­
teran larvae distribution to current flow depend on ve­
locities measured in main stream channels, rather than 
over individual microhabitats occupied by trichopteran 
larvae.
In general, our findings of caddis fly larvae in 
the Arkansas River benthic samples seem to coincide with 
the observations of Roback (1965) and others.
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TABLE 23
Factors found to be implicated in the geographic distribution of
Trichopteran (caddis fly) larvae. (Compiled from Gordon and Wallace, 1975)*
Factor Place Date Author
Stream size Lapland 1968 Ulfstrand*
Stream size England 1968 Edington*
Stream size Pyrenees 1968 Decamps*
Washouts 1965 Minckley*
Stabilization of water levels 1962 Nelson and Scott*
Current (effect on net spinning) 1955 Philipson*
Current 1958 Scott*
Efficiency of food gathering 1968 Edington*
Food distribution ' 1958 Scott*
Substrate particle size 
Lake outlet + increase in
1958 Scott*
plankton conc. 1962 Macan*
Plankton concentration (etc.) 1968 Ulfstrand*
Temperature 1961 Armitage*
Average alkalinity
Cationic content over 400
1968 Arinite and Morgan*
microequivs./K.
Size of particulate organic matter 
in river + size of organic matter 
in the larval proventriculus (gut), 
+ the mesh size of the species’ net!
1965 Egglishaw*
1974 Wallace and
Sherberger
Substrate particle size and larval instar 1964 Cummins
Differences in case-building behavior 1964 Cummins
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Order Diptera
This large order of specialized, two-winged flies 
contains a number of species with aquatic larvae. 
Dipteran families substantially represented in the Arkan­
sas River benthic samples are: (1) the Ceratopogonidae
(biting midges); (2) Culicidae (mosquitoes, phantom 
midges); and (3) the Chironomidae (midges). A few dip­
teran families were represented by just a few specimens 
in our samples. These are noted under "other insects".
Ceratopogonidae 
(biting midges)
Aquatic larvae of the biting midges (often called 
"no-see-ums") occur in the Arkansas River. A summary of 
their appearance in the benthic samples is provided in 
Table 24. They were present an average of 17.6% of the 
time in the samples collected. A glance at the table 
shows that incidence (in the sampling sites of the study 
reach) of biting midge larvae was least for the Oct. 74 
and Apr. 75 samples (14.5% incidence for both series), 
and highest for the Jan. 75 series (23.6% incidence).
Though of comparable size (2-5 mm long), ceratopo­
gonid larvae can readily be distinguished from chironomid 
midge larvae: (1) the body is much more sclerotized 
(hardened external skeleton throughout its length) and 
straighter, more streamlined; (2) the head capsule,
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TABLE 24
Ceratopogonidae (biting midge larvae) 
from benthic samples in the Arkansas River
Collection 
Date Station Site R.M. Organism No. of Organisms
17 Oct 74 8 1 147 Bezzia 1
17 9 1 125 Bezzia 1
17 9 3 125 Bezzia 1
17 9 4 125 Ceratopogonidae 1
17 9 4 125 Stilobezzia 1
17 9 4 125 Bezzia 2
21 11 3 86 Bezzia 1
22 13 8 45 Bezzia 4
22 13 8 45 Stilobezzia 1
22 13 4 45 Bezzia 1
23 13 1 45 Culicoides 1
15 Jan. 75 2 2 248 Bezzia 1
16 4 4 199 Bezzia 1
20 7 1 155 Bezzia 1
20 7 2 155 Bezzia 8
21 9 1 125 Stilobezzia 1
21 9 1 125 Bezzia 1
21 9 2 125 Bezzia 6
21 10 3 108 Stilobezzia 2
21 10 3 108 Bezzia 2
21 11 2 86 Bezzia 1
22 11 3 86 Bezzia 1
24 13 2 45 Ceratopogonidae 1
24 13 5 45 Stilobezzia 1
24 13 8 4.5 Stilobezzia 3
24 13 8 45 Bezzia 2
24 13 9 45 Stilobezzia 6
17 Apr. 75 6 3 171 Bezzia 1
18 7 3 155 Bezzia 1
18 7 4 155 Bezzia 1
21 9 3 125 - Bezzia 1
22 10 3 108 Bezzia 1
22 10 4 108 Ceratopogonidae 1
23 11 1 86 Bezzia 2
25 13 8 45 Stilobezzia 6
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unlike the head capsule of chironomid larvae (which is 
usually much smaller than the body), is usually about 
the same diameter as the body segments; and (3) all of 
the ceratopogonid larvae found in the Arkansas River 
benthic samples (average length, about 2-3 mm) belonged 
to genera lacking prolegs.
These larvae vary in their food habits; some are 
herbivorous, some omnivorous, and some are cannibalistic 
In the Arkansas River they almost invariably occurred 
as lone individuals in samples which contained a number 
of chironomid madge larvae.
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Culicidae 
(mosquitoes, phantom midges)
Aquatic larvae of mosquitoes and phantom midges 
were not common in the Arkansas River benthic samples. 
The incidence of their occurrence in the sampling series 
shown in Table 25 varied from 7.2% in Oct. 74, to 10.9% 
in Jan. 75 and 10.9% in Apr. 75. They were small (3-5 
mm long), typically much more transparent than most 
other insect larvae, and showed the thickened fused 
thoracic segments characteristic of the Culicidae, as 
well as conspicuous mouth brushes.
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TABLE 25
Culicidae (mosquitoes, phantom midges) larvae 
in benthic samples from the Arkansas River
Collection 
Date Station Site R.M. Organism No. of Organisms
16 Oct. 74 5 3 189 Chaoborus 1
16 7 4 155 Culicidae 1
17 9 3 125 Culicidae 1
22 13 8 45 Chaoborus 3
23 13 1 45 Chaoborus 1
15 Jan. 75 2 3 248 Chaoborus 1
21 9 1 125 Chaoborus 5
21 9 1 125 Culicidae 1
23 12 4 71 Chaoborus 1
24 13 5 45 Chaoborus 1
24 13 8 45 Chaoborus 2
24 13 9 45 Chaoborus 2
15 Apr. 75 2 1 248 Culicidae 3
15 2 4 248 Culicidae 2
17 4 1 199 Chaoborus 2
17 5 2 189 Chaoborus 1
17 6 3 171 Culicidae 1
22 10 2 108 Chaoborus 1
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Chironomidae 
(midges)
In the Arkansas River, the second-most widely dis­
tributed and second-most abundant group of organisms re­
covered from the benthic samples in our study reach, 
were the Chironomidae (midge) larvae. These larvae have 
long been known to constitute an important food item for 
many species of fish (both juveniles and adults). Fig. 
3 indicates that in the 3 sampling series for this 
study, chironomid larvae were present at 131 out of 168 
sampled sites, for an average incidence overall, of 79%. 
(The comparable incidence for the most abundant and 
widely distributed group, the single Asian clam genus, 
Corbicula, was 89+%).
Adult chironomid midges are small, non-biting in­
sects, which mate in swarms. Oviposition by the female 
may be on water plants, or singly or in masses or strings 
of eggs on the water surface. Eggs typically hatch to 
give rise to aquatic larvae, which may molt several 
times before reaching pupa/adult stages. Generation 
time may be 1-2 years. The larvae are usually quite 
small (1-4 mm long), slender, and with a characteristic 
appearance which distinguishes them from most other in­
sect larvae quite readily under the microscope. (See 
Fig. 2). A sclerotized head capsule, usually much 
smaller in proportion than the 1st thoracic and subsequent
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Figure 2. Characteristic features of a Chironomid 
(midge) larvae. (a) diagram of the whole larva; (b and 
c) photomicrographs of cleared head capsules of midge la 
larvae; (d) diagram of midge larvae within case from 
Arkansas River benthic samples.
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Figure 3. Graph showing numbers of larval Chironomidae 
(organisms/M2) at each of the 13 stations on the 
Arkansas River, tabulated from samples taken during 
October 1974; January 1975; and April 1975. (Scale of 
graph is same as that for Figure 5.
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segments, is attached to a fairly slender body, with 
two stumpy prolegs (looking like small paws under its 
"chin") on the 1st thoracic segment, and on the last ab­
dominal segment. Often there are some tube-shaped gills 
on the penultimate segment, near the anus. A number of 
these larvae, when alive, are bright red because of the 
red pigment, erythrocruorin, in their translucent bodies 
(reminiscent of some of the tubificid oligochaete worms).
Chironomid larvae frequently build dwelling tubes 
out of small substrate particles, which they glue to­
gether with salivary secretions. The tubes are open at 
both ends, but vary in their construction with the chi­
ronomid species. Some chironomid larvae are right side 
up in their tubes, others are upside down. In any case, 
the larvae wiggle vigorously, moving the water through 
their tubes. Feeding strategies vary with species. 
Some secrete a delicate net across the opening of the 
tube, and then proceed at intervals to eat the net and 
the food materials which have been caught by it--only to 
reconstruct the net and repeat the process. The whole 
procedure may take no more than a few minutes. Other 
larvae build a tube with several projections jutting 
out from the anterior end. Across these tiny tube arms, 
the larvae secretes a net, catches food in the net, eats 
it, then constructs another.
Environmental requirements for chironomid larvae
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have been comprehensively reviewed (Curry, 1965).
Upper temperature limit for many species is between 30 
to 33°C (86 to 93.2°F.) Some, such as the larvae of 
Cricotopus and Paratendipes have been found living in 
water 38 to 39.5°C. Minimal environmental temperature 
reported for larval habitats was at or near 0°C. pH 
tolerance may range from 9.1 (Procladius, Cricotopus, 
Pseudochironomus, Paratendipes, Polypedilum, Tanytarsus) 
to 4.4 (Polypedition, Tanytarsus, Cryptochironomus)• Few 
chironomids seem to be able to withstand prolonged anae­
robic conditions, though some (Clinotanypus, Cricotopus)
3
can withstand dissolved-oxygen content of 1.1 cm per 
liter, (ibid.). Some low-oxygen tolerant forms are 
found in all the major chironomid genera. First and 
second larval instars seem to sustain the greatest mor­
tality in low-oxygen waters. While little data has been 
recorded for a comparative study of tolerance to ionic 
concentrations (ibid.). some chironomid larvae (Procladius, 
Paratendipes, Polypedilum) inhabit brackish water. Curry 
(ibid.) found very little data on BOD, save the report 
of Paine and Gaufin (1956) of survival of a number of 
genera in a BOD of 82.0 ppm.
With regard to bottom type and siltation, Curry 
(ibid.) found no report discussing the various organic 
or inorganic settleable solids per se. He notes only 
the Aquatic Life Advisory Committee (1956) which
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established a rating in which organic or inorganic 
settleable solids affected production in different ways, 
(p. 136):
"Based upon a population rating, the various 
substrata are rated as follows: Sand, 1 (the poor­
est); marl, 6; fine gravel, 9; sand and silt, 10.5; 
gravel and sand, 12; gravel and rubble, 53; aquatic 
moss on fine gravel, 89; and Elodea, 452."
There are many studies in which a decrease in pop­
ulation is illustrated (sic !) by siltation, sludge, hair 
and fiber deposits, and scums. Studies on T. plumosus 
and T. attennatus populations in two Michigan lakes in­
dicate that a compact homogeneous silt is more productive 
than either clay, marl, or sand.
Curry (1965) cites Wilson (1953) who showed that 
the presence of compounds such as sulfides, mercaptans, 
and resin acid soaps was detrimental to bottom fauna, 
and who pleaded for research involving bioassays with 
respect to such factors in the environment. Both authors 
emphasize the need for continued field observations to 
supplement results obtained in the laboratory by condi­
tions found in nature.
Appraising environmental effects on chironomid lar­
vae involves dealing with two particular problems well 
known to benthic biologists. One is a serious taxonomic
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problem of many years standing.* The other is the prac­
tical problem of identifying the chironomid organisms 
present in a given benthic sample.** Identifications 
usually must be made from microscopic slides prepared 
from head capsules of the animals, and mounted ventral 
side up, as shown in Fig. 2. If some portions of the 
Arkansas River were to be biomonitored, it probably
* Taxonomically, the Chironomidae are a very large and 
formidable group, comprised of more than 3000 species. 
In the literature there is an ancient and conflicting 
duality of names. (Curry, 1965, provides a compre­
hensive synonymy.) Further, adults which appear very 
similar may have very different looking larvae, and 
vice-versa. For more species, larvae and adults have 
not been related to a life cycle; many more "rearing" 
efforts being needed on the part of investigators. 
In recent years the taxonomy followed by many workers 
in the group, is largely that of Johannsen (1937a and 
b), also used by Mason (1973) in his key. Mason's 
key was especially helpful in this study.
** Most of the midge larvae in our Arkansas River ben­
thic samples were too small to be identified with a 
dissecting microscope. In addition, a number of sam­
ples contained a great many larvae, frequently be­
longing to a variety of different genera. Each lar­
va would thus require identification through the pro­
cedure (referred to in Materials and Methods) of mak­
ing permanent mounts of head and caudal parts: the 
head capsule was severed from the body, turned ven­
tral side up, and positioned in mounting and clearing 
medium on the slide. The headless body is typically 
mounted along side the head capsule. Separate mount­
ing of the head is necessary, because the larva's 
body has a permanent curve in it, and because most 
of the diagnostic features of the head capsule are 
visible from its ventral surface through a compound 
microscope. Some of these characteristics are shown 
in Fig. 2.
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would not be a difficult matter for appropriate members 
of the Corps to learn this technique, and identifying 
characteristics for some of the more common forms such 
as Polypedilum.
At least 32 genera of chironomid larvae were iden­
tified in this study. They were distributed among four 
of the five subfamilies of Chironomidae. (The "missing" 
family, the Podonominae, is comprised of midge larvae 
species which are quite rare.) For the 3 sampling series 
(Oct. 74, Jan. 75, Apr. 75) larvae belonging to genera 
in the subfamily Chironominae were the most abundant 
overall, followed in order of abundance by subfamilies 
Tanypodinae, Diamesinae, and Orthocladinae. This infor­
mation is tabulated in Table 26 in percent. Table 27 
indicates relative abundance of the 4 subfamilies at 
each of the river stations for the 3 sampling series.
A summary is shown in Table 28.
Table 26. Chironomidae (midges). Percent of total 
Chironomid larvae (per square meter) from 
benthic samples in the Arkansas River, for 
each Chironomid subfamily
Subfamily Oct. 74 Jan. 75 Apr. 75 Z of Total
Chironominae 82.0% 37.0% 58.0% 59.0%
Tanypodinae 8.5Z 39.0% 26.0% 25.0%
Diamesinae 1.5Z 18.5% 10.0% 10.0%
Orthocladinae 8.0% 5.5Z 6.0% 6.0%
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TABLE 27
Data showing total numbers of Chironomidae (subfamilies) 
(as organisms/M2) from all stations for October 1974, January 1975, and 
April 1975. Figures converted from data shown in Appendix Table 4.
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Station 1* 2** 3***
October 1 — — —
2 440.22 19.14 - 344.52
3 57.42 - - -
4 995.28 38.28 - -
5 1129.26 57.42 57.42 95.70
6 574.20 - 38.28 -
7 133.98 19.14 - -
8 191.40 57.42 - -
9 153.12 - - -
10 220.68 - - -
11 210.54 - - -
12 133.98 - - -
13 746.46 325.38 - 19.14
January 1 76.56 38.28 765.60 19.14
2 172.26 38.28 - 57.42
3 38.28 - — -
4 191.40 19.14 95.70 172.26
5 76.56 — 76.56 19.14
6 114.84 - 57.42 19.14
7 76.56 - - -
8 — - — —
9 76.56 — — 19.14
10 325.38 - 114.84 -
11 133.98 19.14 19.14 -
12 19.14 - 38.28 -
13 1052.70 2315.94 - 38.28
April 1 57.42 — — —
2 746.46 38.28 76.56 210.54
3 — — — -
4 555.06 - 114.84 38.28
5 133.98 — 153.12 -
6 114.84 19.14 57.42 -
7 76.56 - 38.28 19.14
8 248.82 - 57.42 -
9 76.56 - 19.14 19.14
10 363.66 19.14 19.14 95.70
11 574.20 114.84 - -
12 57.42 19.14 76.56 -
13 555.06 1397.22 — -
*1 = Subfamily Chironominae
**2 = Subfamily Tanypodinae
***3 = Subfamily Diamesnae
= Subfamily Orthocladinae
Table 28
Subfamily abundance of larval Chironomidae 
(as organisms/M2) calculated from all benthic 
samples (October 1974; January 1975; April 1975)
(1) (2) (3) (4)
October 1974 4,996 593 96 495
January 1975 2,354 2,431 1,167 345
April 1975 3,560 1,608 612 383
(1) Chironominae
(2) Tanypodinae
(3) Diasmesnae
(4) Orthocladinae
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Abundance figures for all genera of chironomid 
larvae collected in this study are represented for the 
3 sampling series (Oct, 74, Jan. 75, Apr. 75) in Fig. 3. 
A comparison of this figure with a comparable one show­
ing abundance figures for the Asian clam, Corbicula, in­
dicates the proportionately much greater abundance of 
the latter. Similarly, reference to Appendix Figs. 1, 2, 
and 3, which are histograms showing abundance figures 
for Chironomidae and Corbicula collected from benthic 
samples at each station—indicates the greater abundance 
of the latter.
Since midge larvae were found repeatedly at almost 
all collection sites, it seems only logical to conclude 
that there doesn’t seem to be any apparent physical or 
chemical factors limiting their distribution in the 
Arkansas River. Two possible exceptions may be cited. 
First of all, chironomid larvae were far less numerous 
in benthic samples consisting primarily of fine sand. 
Secondly, at Station 6, near R.M. 171, the only col­
lection area dredged repeatedly throughout the study, 
chironomids were exceptionally scarce, throughout the 
study.
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Other Insects*
Among the Dipteran order of insects the Ceratopog­
onidae (biting midges) larvae, the Culicidae (mosquitoes, 
phantom midges) larvae summarized previously occurred 
with enough frequency in our Arkansas River samples to 
be noted separately. Only 2 or 3 recoveries of Tipul­
idae (crane flies) larvae were made.
It may be worthwhile to point out that another Dip­
teran family, the Simulidae, was also nearly non-exis­
tent in the Arkansas River benthic samples.** The rec­
ords indicate only 2 of these aquatic larvae were re­
covered, both from the April 1975 samples at Station 4 
(R.M. 199), site 2.
The reason for citing such largely negative evi­
dence of the existence of the Simulidae (black fly) 
larvae in the benthic samples of the Arkansas River is 
that these animals, as adults, are infamous inhabitants 
of swift water all over the world. Not only do they 
* The category ’’Other Insects" is used in a number of 
appendix figures as one of the eight chief categories 
found in Arkansas River benthic samples. In those 
figures "Other Insects" represents combined data on 
Ceratopogonidae (biting midge larvae), Culicidae 
(mosquito larvae, phantom midge larvae), Tipulidae 
(crane fly larvae), Simulidae (black fly larvae), and 
Odonata (damsel fly larvae and dragon fly larvae).
** Simulid larvae have a very distinctive appearance; 
about 4-8 mm long, they have a single plumpish pro­
leg projecting from the prothorax, and an elaborate 
disc with dozens of curved hooks on it, at the extreme 
posterior end of the body.
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produce hurtful bites on warm-blooded animals, but in 
some parts of the world certain species are the vectors 
of the dread disease, "river blindness*"
One other order, the Order Odonata (dragon flies, 
damsel flies) is included here. The aquatic larvae of 
these organisms were represented by not more than 4 or 
5 specimens in the Arkansas River benthic samples.
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Mollusca
This huge ancient phylum of shelled, soft-bodied 
animals contains a number of freshwater organisms. Mol­
luscs recovered in benthic samples from the Arkansas 
River belong either to the Class Gastropoda (snails, lim­
pets), or to the Class Pelecypoda (mussels, ”pill-clams”, 
Asian clam).
Gastropoda (snails, limpets)
Most freshwater snails have a coiled shell, shaped 
as a tapering spiral or as a relatively flat disc. 
Limpets typically have a cap-shaped, low conical shell. 
The snails recovered from our preserved benthic samples 
were almost uniformly contracted within their shells. 
Many of the limpets were intact, and the animal was vis­
ible through the small, translucent shell. Most strik­
ing features of the limpet are the two bright black, dor­
sal eyes in the small grey blob of a limpet body through 
the microscope. Limpets gathered in this study rarely 
exceeded 2-3 mm in shell length. The snails were gen­
erally quite small, their shells seldom longer than 4 mm.
Snails gathered from the Arkansas River benthic 
samples are tabulated in Table 29. Limpets are tabu­
lated in Table 30. These tables indicate that most of 
the gastropods (snails and limpets) were collected from
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TABLE 29
Snails collected from benthic samples 
in the Arkansas River
Collection 
Date Station Site R.M. Organism No. of Organisms
14 Oct. 74 1 1 283 immat. 7
14 1 1 283 Amnicolidae 13
14 1 2 283 Amphigyra 4
14 1 2 283 Amnicolidae 10
14 1 2 283 immat. 8
14 1 2 283 Amnicolidae 12
14 1 2 283 immat. 7
14 1 3 283 Amnicolidae 1
15 1 3 283 Gyraulus 1
15 1 3 283 Amnicolidae 1
22 13 4 45 Amnicolidae 1
22 13 4 45 Amnicola 1
14 Jan. 75 1 1 283 Amnicolidae 1
14 1 1 283 Gyraulus 5
14 1 1 283 Amnicola 7
15 2 1 248 Amnicola 1
24 Apr. 75 13 4 45 Amnicola 2
25 13 9 45 Amnicola 1
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TABLE 30
Limpets collected from benthic samples 
in the Arkansas River
Collection
Date Station Site R.M. Organism No. of Organisms
15 Oct. 74 2 3 248 Ferrissia 2
15 4 1 199 Ferrissia 20
15 4 2 199 Ferrissia 17
15 4 2 199 Ancylus 3
15 4 3 199 Ferrissia 3
15 4 4 199 Ferrissia 4
16 Jan. 75 5 3 184 Ferrissia 2
20 7 1 155 Ferrissia 1
20 7 2 155 Ferrissia 1
21 8 2 147 Ferrissia 1
21 9 3 125 Ferrissia 1
21 10 3 108 Ferrissia 2
24 13 4 45 Ancylus 1
24 13 4 45 Ferrissia 1
23 Apr. 75 11 2 86 Ferrissia 1
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samples taken near the upper end of the study reach on 
the river. Snails and limpets were seldom gathered from 
the same samples, and neither gastropod group was ever 
abundant. Both groups declined in numbers through the 
3 sampling periods. Further samples might have shown 
that this indicates normal seasonal variation, since 
many aquatic gastropods typically lay eggs in the spring, 
through the summer, and into the early fall. (Eggs are 
laid a few at a time, or in gelatinous masses containing 
many eggs on the substrate, or on vegetation). The life 
span of many freshwater gastropods is only about 15 
months. (Some lymnaeid snails may live 3-4 years).
If one examines an intact (preferably living) 
freshwater snail or limpet, one sees a conspicuous mass 
of tissue, the relatively large flat muscular foot, 
which usually projects from the animal's shell. At the 
anterior end of the foot, there is a well-developed head 
with two tentacles, and a pair of eyes at or near the 
base of the tentacles. The animal's mouth is on the 
ventral surface of the anterior end. The mouth may ac­
tually be in contact with the substrate as the animal 
goes along. The mouth opens to thrust out a chitinous, 
toothed plate or "tongue", the radula. The radula is 
moved back and forth in the manner of a rasping file, 
efficiently scraping bits of organic material from the
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substrate.* In other gastropods, the mouth is at the 
end of a blunt, mobile proboscis. In some (the Lym- 
naeidae) the head is widened into 2 flat ventral lobes, 
which are pressed against the substrate by the moving 
animal.**
Feeding (on a variety of detritus) is a nearly con­
stant activity. Hynes (1972, p. 194) reminds the reader, 
"Molluscs (including limpets and snails) and arthropods 
constitute the major portion of the biomass in most 
rivers and streams, so detritus, which so many of them 
eat, is a very important source of energy to the com­
munity." Many of these animals have the habit of feeding 
on the benthic community's fecal material as well. Thus 
as Hynes (ibid.) notes, they are frequently "...passing 
food at least twice through the gut."
The body of a snail is attached to the internal 
surface of the shell by a large columellar muscle. This 
muscle may allow the animal to extend its body almost 
* Malacologists frequently dissect radulae from pre­
served animals, mount the radulae on microscope slides, 
and use them in taxonomic diagnosis of snail species.
** The foregoing characteristics can readily be observed 
in larger snails. One simply needs to pick up a num­
ber of living animals, and put them gently into a 
small bowl with some river water and a bit of crisp 
lettuce. The bowl can be placed on a desk or table 
for observation. A fairly sophisticated behavior 
repertoire may be observed by the "snail watcher." 
Locomotion may be (1) smooth gliding with the broad 
foot, over a slime trail; (2) "Hunching" locomotion 
on or into the substrate; (3) upside-down travel on 
the shallow water surface film; (4) "rope-trick" 
travel, up or down from the surface on slender, trans­
parent mucus strings, etc.
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entirely from the shell, or to withdraw entirely within 
the shell. Operculate snails (e.g. Amnicolidae) are 
those which develop a hard, usually chitinous disc on 
the ventral surface of the foot—so that when the animal 
withdraws into its shell, the operculum forms a neat, 
tight-fitting cover over the opening (aperture) of the 
shell. Shape and surface markings of the operculum are 
useful taxonomic characters.
If you hold a spiral snail shell so that the tip of 
its spire points up, and the aperture faces you—if the 
aperture is on your right, the shell is dextrally coiled; 
if on your left, the shell is sinistrally coiled. The 
genus Physa is one of the few common genera to contain 
many sinistral forms.
Common freshwater gastropod families (Physidae, 
Lymnaeidae, Planorbidae, Ancylidae, and Valvatidae) con­
tain hermaphroditic species. That is, both male and 
female reproductive organs are contained within the same 
individual. Hermaphroditic animals typically copulate, 
however, for the purpose of swapping sperm. Some such 
animals are capable of self-fertilization. Other fresh­
water gastropod families are dioecious (sexes are sepa­
rate) .
A number of freshwater fish species (suckers, 
perch, sheepshead, pumpkinseed, whitefish) feed on snails. 
Some ducks, some shore birds, some frogs, leeches,
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beetle larvae, Hemiptera and Odonata (dragonfly, damsel 
fly) nymphs also feed on snails.
Boycott (1936) in his classic monograph on fresh­
water snails and snail ecology, found it very difficult 
to separate the significance of water quality from phy­
sical characteristics of the habitat, available food 
materials, etc. in analyzing the distribution of fresh­
water snails species. He did establish the fact that 
carbonates were important (15 mg/liter of bound CO2); 
but noted that some snails such as Amnicola (found in 
this study) are more tolerant of soft waters. He noted 
that while most freshwater snails occur in alkaline 
waters, Amnicola and Ferrissia (also found in this 
study) tolerate a pH from 6.0 to 8.3. Dissolved oxygen 
is also important, but probably not as important as 
temperature (McDonald, 1973).* Most snails occur in 
shallow water, a distributional factor that coincides 
with food availability.
Over the years biologists have made increasing use 
of the characteristics of the animal ("soft parts") in 
addition to shell features, for identification of fresh­
water gastropods. Whenever possible, the entire animal 
should be preserved. If it is possible to collect liv­
ing animals from a benthic sample, they should be relaxed 
* For comprehensive study of effects of temperature on
snail reproduction, see van der Schalie and Berry, 
1973.
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first* before being placed in a fixative, and later pre­
served in 70% alcohol (not formalin!). Most of the 
gastropods we identified from the Arkansas River benthic 
samples were: (1) pulmonate animals belonging to the
family Ancylidae (limpets); or (2) operculate snails 
belonging to the families Amnicolidae, Valvatidae, etc.
* Small snails are easily relaxed by sprinkling a few 
menthol crystals on the water of their holding con­
tainer. After a few hours, the animals will be nar­
cotized, their bodies will be extended from the shell, 
and a gentle poke with a dissecting needle will cause 
no response. At that time, the animals should be 
placed in a fixative, such as Bouin's fluid, and 
later a preservative, 70% alcohol. Such a procedure 
provides excellent study material, far superior to 
that obtained through the more generalized techniques 
used here.
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Pelecypoda (mussels, ’’pill clams", Asian Clam)
The bivalved molluscs are an entirely aquatic group, 
and have in past decades been most abundant and varied 
in large, unpolluted rivers. These animals have a size 
range of from 1-2 mm to 250 mm or more in length. They 
have a pair of calcareous valves (the "shell") attached 
by a hinge ligament, which enclose the soft body of the 
animal. Typically the animal burrows through or into 
the substrate, its anterior end angled down. The exhal- 
ent (anal) and inhalent (branchial) siphons at its pos­
terior end are usually exposed to the moving water. 
These animals filter the water through their branchial 
siphons and over elaborate, plate-like gills where me­
ticulous sorting of food material occurs. Heavier par­
ticles drop from the gills and then move between the 
valves back into the water. Food particles sorted from 
the water are passed forward by specialized gill cilia 
(microscopic "hairs") to the mouth for ingestion. (See 
Figure 4).
The indigenous pelecypod fauna in Arkansas rivers 
has included two groups: (1) the Sphaeriidae ("pill 
clams") and the Unionidae (freshwater "mussels"). The 
Sphaeriidae are typically smaller (2 mm-15 mm) than the 
Unionidae (up to 250 mm or more). The Sphaeriidae have 
muscular, protruding siphons at their posterior end. 
The Unionids do not. The life cycles of the two groups
112
Figure 4. Characteristics of the freshwater unionid mussel, 
Lampsilis. Left valve of the shell and left lobe of the lining mantle 
have been removed to show internal structures. FT, foot; LP, labial 
palp; AA, anterior adductor muscle; IG, internal gill; U, umbo; PA, 
posterior adductor muscle; AS, right half of anal siphon; BS, right 
half of branchial siphon; RE, P, T parts of a specialized, light- 
sensitive, Lampsilis mantle flap; M, back end of outer left gill, 
enlarged as a marsupium or brood pouch for the glochidia larvae.
All anatomical parts shown (except for the mantle flap) are 
characteristic parts of the anatomy of "pill clams" (Sphaeriids) 
and of the Asian clam (Corbicula), as well. Fig. from Kraemer, 
1970.
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are very different. Sphaeriids are hermaphroditic and 
may even fertilize their own eggs. Their young develop 
in the water tubes of the inner pair of the parent’s 
gills (which thus serve as "marsupia" or brood pouches 
for 1 to 20 young clams). The young attain a size ap­
proaching 1/3 the length of the parent, before they are 
shed into the water to take up independent existence.
In contrast, the unionid mussels are typically 
dioecious (separate sexes). Sperm are shed by the male 
into the water, and are taken in through the inhalent 
siphon of the female. Eggs are fertilized within the 
female, and the zygotes develop into embryos in the 
water tubes of all four gills, the two outer gills, or 
only specialized parts of the outer gills (depending 
upon the subfamily). The embryos are discharged from 
the gravid female into the water, in the form of tiny 
hamburger-shaped larvae called glochidia. Glochidia 
harmlessly parasitize the gills or fins of certain fish 
hosts. Distribution of the mussels through a drainage 
system has thus largely depended on their "hitch-hiking" 
as larval fish parasites. At length, the glochidia met­
amorphose, drop from the fish host, and grow into adult 
mussels in the river substrate.
Contrasting characteristics of the sphaeriid "pill 
clams" and the unionid mussels are summarized in Table 
31. Important taxonomic characteristics for Sphaeriids
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TABLE 31
Table showing contrasting characteristics of Sphaeriids (pill clams) and Unionids (mussels) molluscs
Sphaeriids (pill clams) Unionids (mussels)
Occurrence: all types of unpolluted habitats
in shallow waters and in depths to 
30 meters
in shallows and in depths to 7 meters
many habitats, including large 
rivers and spring brooks, 
small creeks
chiefly in large rivers, not in 
spring brooks or creeks, usually
many kinds of substrate, including 
soft bottoms of fine sand, etc. 
stable substr.
chiefly on stable substrates of sand 
and/or gravel
pH tolerance fairly wide tolerance— as low as
6.0
fairly narrow tolerance for most 
species— pH of 7.0 or above
bound CO2 fairly wide tolerance— as low as 
2.0 mg per liter
fairly narrow tolerance for most 
species— not much lower than 15.0 mg 
per liter
appearance small bivalves (2-15 mm long), with 
muscular, cylindrical, 
protrusible siphons
large bivalves (when mature, up to 
250+ mm long); siphons just modified 
edges of mantle
life cycle direct development of young, 
shed into water
embryos develop into small larvae, glochidia, 
which require parasitic period on gills, 
fins of a specific fish host
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TABLE 31 (continued)
Sphaeriids (pill clams) Unionids (mussels)
sexes one, hermaphoditic two (separate sexes) dioecious
site of embryonic within water tubes of the 2 inner within water tubes of all 4 gills OR
development gills of the parent. (gill 
portions thus serve as marsup a, 
or brood pouches)
2 outer gills OR modified portions 
of 2 outer gills. gill portions thus 
serve as marsupia
metamorphosis none glochidium eventually drops from fish 
host, metamorphosis into juvenile mussel
sexual maturity reached within the 1st year reached within 1 to 8 years
longevity probably not more than 18 months apparently 7-10 or more years
presence of 
attachment 
structures
* no yes, in some glochidia there is a "larval" 
thread which is sticky and facilitates 
attachment to fish host
predators eaten by many fishes: gizzard shad, 
sucker, redhorse, etc.
eaten to some extent by catfish, sheepshead. 
commonly eaten by the muskrat, and otter, 
raccoon, turtles, etc.
recent 
commercial 
importance
none button industry (e.g. harvest of 20,300 tons 
of shell worth $4,306,353 in 1944).
Japanese pearl industry (in 1950's, 1960’s) 
unionid shell purchase as slugs for pearl 
oysters
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and for Unionids include shell features such as appear­
ance of cardinal, pseudocardinal and lateral teeth, lo­
cation and structure of the "peak" or umbo of the shell, 
surface striations, knobs, etc. Anatomical features of 
the animal as indicated above are also important.
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Unionidae (mussels)
No unionids were collected from the benthic samples 
in this study. Some were collected by Dr. Buchanan in 
his fish collections.
The rivers of Arkansas in past decades have been 
known to malacologists for their rich and diverse fauna 
of unionid mussels. Several communities (such as New­
port, Arkansas) have had commercial mussel-gathering 
operations chiefly early in the century for pearl but­
tons (see, for example, Brann, 1950). More recently 
such commercial ventures,* much smaller in scope, have 
provided a source of pearl "slugs" for Japanese growers 
of pearl oysters.
Because of the early commercial importance of the 
freshwater unionid mussels in mid-continental United 
States, the U.S. Bureau of Fisheries, etc., sponsored a 
number of studies on these animals (e.g. LeFevre and 
Curtis, 1910). These investigations revealed that the 
parasitic phase of the mussel's life cycle, the glochi­
dium, is generally not harmful to the fish host. These 
studies also demonstrated (1) that unionid mussels do 
not survive well in polluted waters or in waters with 
shifting substrate; (2) that commercial shell gathering 
methods were very destructive of mussel shoals (mussels 
* Some were going on in the Arkansas River during the 
1960’s.
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live on/in river shoals); and (3) that these species do 
not readily re-establish themselves in an ecosystem 
once their numbers have been decimated, and their shoal 
habitat destroyed.*
In recent years unionid bivalves have proved of 
value to experimental biologists (e.g. Price, 1965) who 
have used them as bioassay organisms in some drainage 
systems. This is because mussels (like the oysters, 
their marine relatives) have the ability to concentrate 
a variety of substances introduced by man into the en­
vironment in their tissues.
It seems likely that the ecologically less demand­
ing Sphaeriids ("pill clams") will continue to account 
for a certain proportion of the bottom fauna of the 
Arkansas River. The future of the unionid mussels, how­
ever, is far more uncertain. This is because of the
* Malacologists (e.g. see Van der Schalie, 1959) surmise 
that all of the world's unionid mussels originated in 
the general area of the Mississippi drainage basin.
The greatest diversity of species has occurred in this 
region. Destruction of the mussel fauna in the center 
of origin, therefore, is an occasion of sadness for 
knowledgeable biologists. Many of the region's in­
digenous species, (e.g. see Kraemer, 1970) which oc­
cur nowhere else in the world——once gone, will be 
gone forever. In the larger socio-politico-techno- 
logical context, biologists can only voice their con­
cern that wherever diversity of biota disappears, 
whenever gene pools are lost—surviving species must 
live in a depauperate environment. The finely tuned 
interdependence shared by many species, and evolved 
slowly over many millennia, will have been disturbed 
so as to make the biological future of the survivors 
much more unpredictable.
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mussel's complex life cycle, its long generation time 
(it may take 4-5 years to reach sexual maturity); its 
intolerance of low pH, of soft substrate, of continual 
severe disturbance of the substrate, and the apparent 
slowness and difficulty (e.g. reliance on specific fish 
hosts) with which they achieve distribution through a 
drainage system. Additionally, it seems that many cur­
rent river management practices accelerate the decline 
of unionid fauna. (The Federal Register, June 14, 1976, 
p. 24064 lists 24 endangered unionid mussel species, 
from Arkansas). See also the Endangered Species Act 
(1973) .
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Sphaeriidae ("pill clams")
Sphaeriids collected from the Arkansas River benthic 
samples are tabulated in Table 32. Their distribution 
does not resemble that of other molluscan groups found 
in this study: (1) the gastropods, including snails and 
limpets, were clustered at the upper end of the study 
reach, and were most numerous (never abundant) in the 
October sample series. (See Tables 29 and 30). (2) the
Asian clam, Corbicula, the most abundant benthic organ­
ism of all, was distributed throughout the study reach. 
In contrast, the Sphaeriids were concentrated at the 
lower end of the study reach. The numbers of Sphaeriids 
increased from October to April, whereas the numbers of 
gastropods decreased from October to April.*
* An unrelated group, the Oligochaetes, also was most 
abundant at the lower end of the study reach, and 
more numerous in October than January or April.
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TABLE 32
Sphaeriids ("pill clams") collected from 
benthic samples in the Arkansas River
Collection 
Date Station Site R.M. Organism No. of Organisms
14 Oct. 74 1 3 283 Sphaerium 2
22 13 9 45 Sphaerium 29
22 13 8 45 Sphaerium 30
22 13 4 45 Sphaerium 16
15 Jan. 75 2 1 248 Pisidium 6
24 13 2 45 Sphaerium 1
25 13 8 45 Sphaerium 183
25 13 9 45 Sphaerium 60
14 Apr. 75 1 3 283 Sphaerium 5
17 4 4 199 Sphaerium 1
17 5 1 189 Pisidium 38
24 12 3 71 Sphaerium 1
24 13 4 45 Sphaerium 77
25 13 8 45 Sphaerium 127
25 13 9 45 Sphaerium 35
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Corbicula (Asian clam)
In our study of the benthic fauna of the Arkansas 
River, we found a compounding biological phenomenon. A 
genus of freshwater bivalves, introduced from Asia into 
the United States on the West coast sometime during the 
1930's, has been spreading through a number of drainage 
systems in this country since that time. On the West 
coast, and in the rivers of Tennessee, etc.* in recent 
years, this introduced bivalve has been turning up in 
increasing numbers. This animal is bringing about a 
marked change in the existing bivalve fauna, a change 
of undetermined implications. This bivalve has also 
turned out to be a serious problem for intake systems of 
power companies located on such rivers.
The introduced genus is Corbicula. In the hundreds 
of benthic samples which have been processed in the pre­
sent study of a 240-mile long stretch of the Arkansas 
River, Corbicula was by far the most prevalent genus, not 
only of bivalves, but of all the benthic animals in the 
river.**
If one compares Fig. 5 which sums the number of
* Fox (1975) has recently gathered distribution records 
for Corbicula in the United States.
** Corbicula was missing from only 18 of 168 sampled 
sites. Chironomid larvae were missing from 34.
Seven sites, or 4% of the sampled sites contained 
neither Corbicula or Chironomid larvae.
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Figure 5. Graph showing total numbers of organisms per 
square meter for the molluscan bivalve genus, Corbicula, 
from each of the Arkansas River sampling stations, for 
October 1974; January 1975; and April 1975.
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Corbicula per square meter, as determined from the ben­
thic samples, with Fig. 3 (which does the same for all 
genera of the Chironomidae) one sees the substantially 
greater abundance for all seasons and river stations, 
of the genus Corbicula.
There was considerable variation in the size of the 
Corbicula population from one sampling series to the 
next. In contrast, numbers of chironomid larvae were 
quite constant. Even the smallest sample series of 
Corbicula, however, was nearly 3 times larger than the 
comparable total of chironomid larvae. This information 
is summarized in Table 33.
Table 33. Comparison of abundance figures for the single 
bivalve genus, Corbicula, and for all (32+) 
Chironomid (midge larvae) genera
Collection 
Series
No. of Organisms per square meter
genus Corbicula all Chironomid genera
Oct. 1974 49112.74 6067.38
Jan. 1975 21945.62 6297.36
Apr. 1975 18795.52 6136.08
There is evidence that the establishment and spread 
of Corbicula through the Arkansas River is a recent 
event. I first began to see Corbicula in my collections 
of freshwater bivalves in the drainages of northwest 
Arkansas just about 4 years ago-although I've been 
making fairly regular collections of bivalves for the
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TABLE 34
Total number of Corbicula (as organisms/M2) within size groups:
(1) 1 mm. or less in length; 
longer.
(2) 2-4 mm.; (3) 5-7 mm.; (4) 8 mm. or
(1) (2) (3) (4)
October 1974 31,878 15,494 1,636 105
January 1975 12,096 8,192 834 86
April 1975 9,513 7,828 976 478
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past 15 years. The earliest indication of the presence 
of Corbicula in Arkansas recorded in the scientific lit­
erature (until this publication) is dated 1973 (Fox, 
1975), as far as I can determine. Further, while I had 
no occasion to examine the bivalve fauna of the Arkansas 
River as a whole until this present study, I do recall 
looking carefully over 2 piles (about 10 feet in diam­
eter and about 5 feet high) of commercially dredged 
shell at Dumas, Arkansas as late as 1965. No Corbicula 
were seen there. Finally, most of the specimens in our 
samples were quite small. Some larger animals were col­
lected by Dr. Buchanan in connection with his fish sam­
ples. Size distribution of Corbicula in our samples is 
shown for each of the 3 benthic sampling series (Oct.
74, Jan. 75, Apr. 75) in Figs. 6, 7, and 8. Note that 
the prevailing size groups were from 1 mm to 4 mm in 
length (see Table 34).
Because Corbicula seems to have established itself 
as a significant resident of the Arkansas River; because 
it appears to be such a recent and successful introduc­
tion; because it therefore has altered the benthic fauna 
of the river; because it may well become an organism of 
some concern to the power companies on the river, a de­
tailed evaluation is in order.
Taxonomy of the introduced Corbicula is still being 
debated by U.S. malacologists. Currently, one prevalent
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Figure 6. Graph showing size distribution of Corbicula 
(in number of organisms/M2) at each of the 13 stations 
on the Arkansas River, tabulated from samples taken 
during October 1974. Small numbers on ordinal axis 
represent, respectively: 1 - animals 1 mm. long or less; 
2 - 2-4 mm.; 3 - 5-7 mm.; 4 - 8 mm. or longer.
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Figure 7. Graph showing size distribution of Corbicula 
(in number of organisms/M2) at each of the 13 stations 
on the Arkansas River, tabulated from samples taken 
during January 1975. Small numbers on ordinal axis 
represent, respectively: 1 - animals 1 mm. long or less; 
2 - 2-4 mm.; 3 - 5-7 mm.; 4-8 mm. or longer.
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Figure 8. Graph showing size distribution of Corbicula 
(in number of organisms/M2) at each of the 13 stations 
on the Arkansas River, tabulated from samples taken 
during April 1975. Small numbers on ordinal axis 
represent, respectively: 1 - animals 1 mm. long or less; 
2 - 2-4 mm.; 3 - 5-7 mm.; 4 - 8 mm. or longer.
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view indicates there is a single extremely variable U.S. 
species: Corbicula manilensis . *
Superficially, the younger animals resemble the 
"pill clams", or Sphaeriids. Corbicula is grouped along 
with the Sphaeriids, in the superfamily, Sphaeriacea. 
Corbicula actually differs from the "pill clams" in ap­
pearance and in life cycle.
Like the "pill clams" (sphaeriids) and the mussels 
(unionids), Corbicula has a hinged, bivalved shell. 
Typically the shell surface shows very pronounced con­
centric ridges, and thus presents a different external 
appearance from most unionids. The inner surface of the 
shell in the smaller animals greatly resembles that of 
many Sphaeriids. A diagnostic difference, however, may 
be seen in the lateral teeth (Fig. 9). The lateral 
teeth show minute horizontal ridges in Corbicula. Such 
ridges are not present in pill clam shells (or for that 
matter, in Unionids). The ridges in small specimens can 
be seen with the help of a dissecting microscope. Many 
of the small Corbicula collected from our Arkansas River 
samples had the valves of the shell tightly shut, still 
enclosing the tiny mollusc within. It was frequently 
necessary to pry the valves open, remove the animal, and 
examine the lateral teeth on the insides of the shell 
* Other malacologists are of the view that Corbicula
leana is a possible identification for some U.S. 
populations of Corbicula.
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Figure 9. Some features of the bivalve mollusc, 
Corbicula, prevalent organism in benthic samples from 
the Arkansas River. (a) external view of 3 cm shell, 
showing conspicuous ridges; (b) internal view of shell, 
showing cardinal teeth and toothed lateral teeth (one 
valve broken); (c) trails in substrate made in 12 hr. 
period by 10-15 mm long animals; (d) shells of animals 
from a benthic sample; (e) young animal (4 mm) removed 
from shell.
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for the presence of horizontal ridges.
There are at least 2 other distinctions between
"pill clams" and Corbicula which may sometimes be useful 
in separating kinds of animals in a sample: (1) Corbicula 
juveniles have a byssal thread. This is a long, slender, 
transparent thread which is secreted by a byssal gland 
within the visceral mass of the animal, and extends from 
between the valves of the shell. Byssal threads are not 
produced by the "pill clams". (2) Sphaeriids, when 
gravid, may house a number of young shelled animals in 
their gills. Corbicula does not. Corbicula embryos are 
shed into the water as tiny (less than 1 mm) translucent 
shell-less veligers.
How has Corbicula managed to establish itself in a 
very few years throughout the stretch of Arkansas River 
examined in our study reach? I suggest there are sev­
eral possible reasons, relating to the life style of the 
animal itself, and to certain human interventions which 
Corbicula has evidently exploited.
First let us examine Corbicula's "success story" in 
terms of its life cycle. Like the sphaeriids or "pill 
clams", Corbicula has a life cycle which requires no lar­
val dependence on a particular fish host, (as for the 
glochidia larvae of the unionid mussels). Unlike the 
pill clams, Corbicula produces numbers of free-swimming,
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independent larvae, called veligers. The veligers can 
evidently achieve wide distribution as part of the zoo­
plankton.* Like the pill clams, Corbicula is found on 
a variety of substrates. Many Corbicula were found in 
samples of fine sand, a substrate not generally accept­
able to unionid mussels. Unlike the ’’pill clams", 
Corbicula juveniles produce a long sticky byssal thread, 
(mentioned above) which can be twined round and round 
any bit of substrate, and provide an excellent "hold" 
for the organisms in swift current.** Corbicula juven­
iles show a size range characteristic of sphaeriid pill 
clams, while older Corbicula approach the size range of 
mature unionid mussels. Corbicula evidently lives longer 
than the pill clams, so that a reservoir of mature adult 
Corbicula actually has a greater reproductive potential 
over time than does a comparable population of 
sphaeriids.
Malacologists are increasingly aware of the fact 
that Corbicula seems to spread with especial speed through 
disturbed waterways. Fuller and Imlay (1976) comment on 
* Veligers of Corbicula were not identified in the zoo­
plankton study. (See Volume III of this report). It 
may be that the veligers utilize a deeper part of the 
water column than was sampled for zooplankton in this 
study.
** Frequently we found animals whose byssal threads were 
still twined around a number of sand grains, even 
though the sample containing them had been thoroughly 
sieved, and preserved in 70% alcohol for weeks!
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successful spatial competition of Corbicula with indig­
enous freshwater mussels (Unionidae) in the Waccaman
Basin of the Carolinas. Vidrine and Bereza (1976) docu­
ment absence of Corbicula from undisturbed waterways and 
presence in disturbed waterways (by dredging, impounding 
and desnagging) of western Louisiana.
From analysis of findings in this study, combined
with consideration of the particular features of its 
life cycle, Corbicula would appear to have the capacity 
to become well established in the Arkansas River. At 
the same time, circumstances seem to be present (see p.
118) which are unfavorable for the continuance of unionid 
populations (the only indigenous adult bivalved molluscs 
of comparable adult size and feeding habit.)* In addi­
tion, Corbicula almost invariably showed up as a sub­
stantial component of samples containing sphaeriid bi­
valves, as well as of many benthic samples where no 
sphaeriids were found.
It is possible to speculate how human intervention
* I visited a large (about 60 yards long) well-inhabited 
mussel shoal about 1/4 mile downstream from Beaver Dam, 
less than a week before the spillway was opened for 
the first time. I went to the same site about one 
week afterward. The shoal was gone. The bottom of 
the river was scoured. I also saw a large die-off of 
mature mussels downstream from recently dammed Lake 
Sequoyah (Washington Co., Arkansas) during the summer 
of 1963. Also, for many years malacologists have 
been aware of the severe depredations of mussel shoals 
which the trawling gear of numerous clammers effects, 
(van der Schalie, 1959; Brann, 1950; LeFevre and 
Curtis, 1910).
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may be contributing to the spread of Corbicula. Initial 
introductions of Corbicula into a river may be as fish 
bait, or through the enterprise of aquarium supply store 
owners who have sold these animals commercially to 
aquarists as natural biological filters for fish tanks. 
Once introduced into the river, extensive mechanical 
interference with the substrate (as in dredging oper­
ations) may aid in the distribution of the young Cor- 
bicula. Many of the benthic samples we examined con­
tained Corbicula as small or smaller than the sand 
grains among which we found them.*
However the establishment of Corbicula has oc­
curred, this study does seem to demonstrate that Corbic- 
ula is now a significant inhabitant of the Arkansas 
River. Any monitoring of the river should include a 
watch on changes in the river's Corbicula population. 
Since the animal is new on the scene, since there are a 
whole series of basic biological questions about the 
animal which we have just begun to investigate**, since 
* Sinclair (1971) notes that some Corbicula may become 
sexually mature and produce young at a size of only
10 mm. He therefore feels that the terms "young" and 
"adult" in the literature must refer to growth and 
longevity, rather than to maturation.
** At the Savannah River Thermal Ecology Symposium in 
Augusta, Georgia, April 1975, there were extensive 
discussions among participants about the need for 
research on Corbicula, and the need for communication 
concerning this animal between the engineering and 
scientific community. This led to the establishment 
of the CorbicuIa NEWSLETTER. (See Bibliography, 
Mattice, 1976).
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the animal has been a serious problem for power companies 
in other drainages; a prudent caution would seem to 
underscore the desirability of a Corbicula monitoring — 
and-study program.
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SUMMARY OF BENTHIC GROUPS AND ASSOCIATIONS
In this section on the various kinds of animals 
which are presently inhabiting the bottom of the Arkan­
sas River, the following questions have been considered.
(1) Who is presently living in and on the Arkansas 
River substrate ? Eight groups appear to be the most 
abundant and the most widely distributed in the 240-mile 
long study reach (R.M. 283-R.M. 43) . These groups are 
noted in Table 35. Other animals, encountered more 
rarely in our benthic samples, have also been described
(e.g. Coelenterates, such as Hydra, flatworms, etc.).
(2) What is the incidence of the various groups of 
organisms among the collection sites? As shown in Table 
36, some kinds of organisms were collected at most of the 
56 sites, regardless of season (such as Corbicula and 
Chironomidae). Less widely distributed animals were in 
some instances scattered through the study reach (e.g. 
Nematoda, see Table 11); or in other instances concen­
trated in certain regions of the study reach. (For ex­
ample, 90.3% of the Oligochaetes were found in samples 
from R.M. 45-43, see Table 13).
(3) How abundant are the various groups of benthic 
organisms in the Arkansas River ? As shown in Table 37, 
the most abundant groups are the Chironomidae (midge 
larvae), and the single molluscan bivalve genus, Cor-
bicula. Figures (numbers of organisms/M2) fall off
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TABLE 35
Summary description of the 8 major groups of benthic animals recovered from 3 Arkansas River 
sampling series (Oct. 74, Jan. 75, Apr. 75)
Group No. Group Name Common, Descriptive Name
1 Nematoda Round Worms
2 Oligochaeta Segmented worms—aquatic relatives of earth worms. (many of 
these are tubificid, tube-building worms)
3 Crustacea Mostly copepods and cladocera
4 Other insects Larvae of biting midges, the Ceratopogonidae; larvae of mos­
quitoes and phantom midges, the Culicidae; etc.
5 Trichoptera Caddis fly larvae (many are case-builders, some net-builders)
6 Ephemeroptera Mayfly larvae
7 Chironomidae Midge larvae
8 Mollusca Gastropods, such as limpets and snails;
Pelecypoda (bivalves) such as "pill-clams" or Sphaeriidae; 
Unionid mussels, and the Asian clam, Corbicula
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TABLE 36
Incidence of occurrence at the 56 sampling sites of the major 
animal groups found in benthic samples from the Arkansas River
Group No. Group Name Oct. 74
Incidence (=no. of sites present, %)
Jan. 75 Apr. 75 Average %
1 Nematoda2 26.8 16.1 14.3 19.1
2
2
Oligochaeta2 14.3 28.6 44.6 29,2
3 Crustacea*3 12.5 23.2 19.6 18.4
4 Other Insects4 NA NA NA NA
5 Ephemeroptera5 23.2 14.3 14.3 17.3
6 Trichoptera6 16.1 21.4 17.6 18.4
7 Chironomidae7 71.4 80.1 91.1 80.9
8 Mollusca
Gastropoda8 16.1 12.5 16.1 14.9
Sphaeriidae9 7.1 7.1 12.5 8.9
Corbicula10 91.1 89.5 91.1 90.1
* % figures for Crustacea include Cladocera and Copepoda
1- present in small numbers from R.M. 248 to R.M. 43. (See Table 14, p. 59).
2- present at most stations, but heaviest concentration by far at R.M. 43. (See Table 15, p. 60).
3- present sporadically at the upriver stations (R.M. 283 to R.M. 125). Most organisms found at R.M. 45 to 43.
4- rare.
5- present in greater numbers at R.M. 248 in Oct.-74, and at R.M. 45 in Jan, Apr-75.
6- most organisms found at upriver stations (R.M. 283 to R.M. 199).
7- ubiquitous.
8- never numerous, most snail specimens collected at R.M. 283, most limpets at R.M. 199.(See Tables 31, 32, 
pp. 115,122).
9- most specimens collected at R.M. 45 to 43.
10- ubiquitous.
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TABLE 37
Abundance (No. of organisms/M2) of the major Arkansas River benthic groups 
recovered from the 3 sampling series
Group No. Group Name
Abundance (No. of Organisms/M2) Time of 
greatest abundanceOct. 74 Jan. 75 Apr. 75 Average
1 Nematoda 14.01 5.13 4.01 7.72 Oct. 74
2 Oligochaeta 73.48 62.31 140.93 92.24 Apr. 75
3 Crustacea* 3.08 4.44 6.83 4.78 Apr. 75
4 Other Insects NA NA NA NA NA
5 Ephemeroptera 38.97 22.56 18.46 26.66 Oct. 74
6 Trichoptera
7 Chironomidae 108.35 112.45 110.05 110.28 all
8 Mollusca
Gastropoda 22.6 4.78 1.02 9.47 Oct. 74
Sphaeriidae 26.32 85.45 97.07 69.61 Apr. 75
Corbicula 877.02 378.71 335.62 530.45 Oct. 74
* Crustacea = Copepoda plus Cladocera
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sharply for the other groups. Within the family of 
midge larvae, the abundance of one subfamily, Chiron- 
ominae, consistently exceeded that of the other 3 sub­
families .
Significance of the patterns of relative abundance 
has been discussed where possible in the appropriate 
section dealing with each group. Some abundance impli­
cations are discussed in the next section dealing with 
various physical and chemical features of the River’s 
environment.
Inasmuch as there are no comparable data on the 
benthic communities within the Arkansas River with which 
to compare the foregoing figures, it is not possible to 
say with precision what the implications of our data are. 
On the whole, it was not anticipated by the participants 
in this study, that we would find the range and numbers 
of benthic organisms which we did in fact recover in 
this study. Preliminary benthic samples taken during a 
reconnaisance trip were biologically barren. On the 
basis of the unionid fishery which used to exist in the 
Arkansas River,* we would have expected to find some 
juvenile mussels in our samples, even given the limi­
tations of our sampling procedures.
* A number of zoological museums (e.g. University of 
Michigan Museum of Zoology, Ann Arbor; Ohio State 
University Museum of Zoology, Columbus; Smithsonian 
Institution Museum of Zoology; Philadelphia Academy 
of Science Museum of Zoology) have retained holdings 
of Arkansas River Unionid mussel fauna over the years.
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Benthic productivity seems to be higher in the 
lower part of the study reach, but this is mostly be­
cause of the large numbers of organisms (mostly Oligo­
chaetes) which were collected from sites in or at the 
outlet of Mud Lake Bend near R.M. 44. Variety of organ­
isms seems to be greater at both ends of the study reach 
(R.M. 283-199 and R.M. 45-43). At intervals along the 
study reach where benthic samples contained a good deal 
of detritus, samples almost invariably yielded a greater 
variety and number of organisms.
(4) Does the abundance and/or distribution of each 
group vary with the season. (considered within the 
framework of the 3 sampling series: Oct. 74. Jan. 75. 
Apr. 75)? As shown in Table 37, some groups are more 
abundant in the fall and taper off in the spring (e.g. 
Corbicula) . Some are remarkably constant in abundance 
through the sampling seasons (e,g. Chironomidae). Some 
are more abundant in April than in October (e.g. Oligo­
chaeta) . As shown in Figures 10, 11, 12 similar obser­
vations may be made regarding seasonal variation in dis­
tribution of abundance figures for the major groups 
through the study reach.* Some of the abundance and 
incidence figures show seasonal variation which may be 
* Some samples were taken during July 1974. However, 
since the sites and collection procedures used do not 
conform to those used in the 3 later samples, they 
cannot properly be compared here.
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Figure 10. Histogram showing numbers of organisms per 
square meter for each of the 8 designated groups of 
animals (see legend)t in benthic samples taken from each 
of the 13 stations in the Arkansas River Study reach 
(R.M. 283-R.M. 43), for October 1974. Ordinal numbers 
are shown on a logarithmic scale. (Note: this reduces 
the actual differences in numbers for the more abundant 
organisms--which are Mollusca, Chironomids, and 
Oligochaetes).
151
#/m2/sta tio n
152
OCTOBER, 1974
Figure 11. Histogram showing numbers of organisms per 
square meter, for each of the 8 designated groups of 
animals (see legend), in benthic samples taken from each 
of the 13 stations in the Arkansas River Study reach 
(R.M. 283-R.M. 43), for January 1975. Ordinal numbers 
are shown on a logarithmic scale. (Note: this reduces 
the actual differences in numbers for the more abundant 
organisms—which are Mollusca, Chironomids, and 
Oligochaetes)•
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JANUARY, 1975
Figure 12. Histogram showing numbers of organisms per 
square meter for each of the 8 designated animal groups 
(see legend), in benthic samples taken from each of the 
13 stations in the Arkansas River Study reach (R.M. 283 
R.M. 43), for April 1975. Ordinal numbers are shown 
on a logarithmic scale. (Note: this reduces the actual 
differences in numbers for the more abundant organisms** 
which are Molluscs, Chironomids, and Oligochaetes).
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APRIL. 1975
Figure 13.
Summary Histogram of 
Benthic Collections
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due to normal reproductive cycles within the river. 
Relatively barren samples were those of medium to fine 
sand particles, especially those taken from R.M. 171 to 
R.M. 71, during October of 1974. (See Figure 10). In 
January, and again in April 1975, samples from R.M. 171 
were still depauperate, but those from the next down­
stream station at R.M. 155 were not.
(5) In terms of the sampling procedures and sample 
size in this study, what general observations can be 
made about intergroup associations and habitat associa­
tions of the above groups in the Arkansas River? Table. 
38 characterizes each of the major groups in this general 
sense .
Table 38 is obviously not an attempt to characterize 
specific benthic communities in the Arkansas River. 
Thorup (1964) reviews some of the schemes which have 
been used to characterize communities of benthic organ­
isms in running water. All of these have their short­
comings. All require more data and more precise data 
than was obtainable within the confines of this study. 
Nonetheless, a brief review of two of these schemata is 
in order, that the reader might see for himself: (1) the 
stream zone system, based on the distribution of differ­
ent species of fish within the stream (spring, trout, 
grayling (minnow), barbel and bream-zone). Thorup asks, 
(p . 60, ibid.) "But is it practical to use the system
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TABLE 38
Summary of characteristic faunal associations and substrate occurrence for each of the most commonly 
encountered benthic animal groups in Arkansas River samples, 1974, 1975
Group Faunal Association Substrate Occurrence
1. Nematoda often occurred with Chironomid 
larvae; some (myrmithids) as 
parasites of the midge larvae.
varied; often found in samples of medium to 
coarse sand. (a)
2. Oligochaeta found often with Sphaeriids 
(pill clams).
found in silty samples, especially from back­
waters; many in tubes; many twined around twigs 
in long chains of zooids. April '75 samples 
with many embryo-containing cocoons. (b)
3. Crustacea NA (rare, seldom more than 1 
organism found in a triplicate 
sample from 1 collecting site).
variable. Generally not found in silty 
samples. (c)
4. Other Insects NA (rare) NA (variable)
5. Ephemeroptera often found with Chironomid 
larvae, and/or with bivalve 
molluscs, and/or with Trichoptera.
varied. Common in samples with sticks, leaves, 
cobbles. Found on crevices, etc. on cobbles. 
(d)
6. Trichoptera often found with Chironomid larvae 
and/or with Ephemeroptera.
varied. Similar to Ephemeroptera. Found in 
portable cases, and in cases attached to 
substrate, etc. (e)
7. Chironomidae very common. Occurred with 
any of the other groups, or as the 
only group present.
found in almost every kind of substrate; many 
were found in cases. Comprised along with 
Corbicula most of the depauperate benthic
fauna taken from the dredged sites at R.M. 171. 
(f)
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TABLE 38--continued
Group Faunal Association Substrate Occurrence
8. Mollusca 
Gastropoda not common. In some samples was 
the only group present.
found mostly in substrate samples from upper 
end of study reach (R.M. 283-199). (g)
Sphaeriids often occurred with Oligochaetes. varied. Found especially in silty samples and 
samples from backwaters. (h)
Corbicula most abundant and widely distributed 
genus of animals found in the 
Arkansas River benthic samples. May 
occur with any of the other groups, 
or may be the only group present. 
Most animals were juveniles (1-8 mm).
varied. Found in almost every kind of substrate, 
even in medium-fine sand, where the organisms 
were sand-grain size. Comprised (along with 
the Chironomidae) most of the depauperate benthic 
fauna taken from the dredged sites at R.M. 171. 
_______(i)
(a)
(b)
(c)
(d)
(e)
(f)
(g)
(h)
(i)
As part of the lotic interstitial (hyporheic fauna) nematodes may crawl through "pores" between substrate 
particles, etc. (Hynes, 1972).
Oligochaetes may be near the surface or may burrow deeply (if DO, etc. is unfavorable). May be dis­
tributed through the river bottom as they work the substrate, or through their embryo-containing cocoons 
which are not resistant to drying, but are very resistant to low DO, low pH, etc. (Brinkhurst, 1965). 
Crustacea (especially cladocera, copepoda) may hop, skip on the substrate and/or form part of the 
hyporheic fauna. They may move through the river bottom by crawling through the substrate "pores", etc. 
(Hynes, 1972).
Ephemeroptera can sprawl on the substrate, cling to undersides of cobbles. May be distributed through 
downstream drift of aquatic larvae; upstream flight of adult insects. (Hynes, 1972; Leonard, 1965; 
Macon, 1957a).
Trichoptera can hold onto substrate, attach net cases, nets to substrate. May be distributed through 
downstream drift of aquatic larvae; upstream flight of adult insects. (Cummins, 1964; Roback, 1965; 
Wallace, 1974).
Chironomidae larvae may drift; larvae may also migrate upstream. (Curry, 1965). 
Gastropods (snails and limpets) may crawl upstream. (Noel, 1954; Boycott, 1936).
Sphaeriids can move in the substrate downstream, upstream, especially in quieter waters. (Personal 
observation).
Corbicula is an INTRODUCED GENUS. Veliger larvae may move with current; shelled animals may move up­
stream; young juveniles hold onto the substrate with byssal thread. Increasingly found in disturbed 
habitat. (Sinclair, 1970; Sinclair and Isom, 1963; Vidrine and Bereza, 1976; Fuller and Imlay, 1976).
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in classifying streams, and can it be used outside the 
area in which it has been developed?" His answer is that 
such a system is not suitable for the bottom fauna, 
though it may be of some use to fishery biologists. (2)
delimitation of the biotopes by means of substrate. A 
major limit of this method is the lack of good quanti­
tative methods for collecting bottom fauna and substrate 
in running water so that they can be directly compared. 
Again, another objection is that it cannot very well be 
used outside the area in which it has been developed.
In summary, Thorup (ibid., p. 71) comments:
"Many, but not all, of the stream-animals show 
a certain dependency on substrate in their distri­
bution within a running water locality. This de­
pendence is reflected by the fact that on each sub­
strate there is a certain combination of species 
not only quantitatively but qualitatively. Whether 
or not these can be called communities or biocenoces 
depends on the definition of this concept. Com­
munities vary from place to place principally be­
cause no two localities have exactly the same eco­
logical conditions and the same zoogeography. 
Therefore erection of animal communities and de­
scription of these communities by detailed faunal 
lists can be...only a help for the investigator 
himseIf..."
Thorup ( ibid.) concludes that at the present, use of
substrate types seems preferable, as well as substrate
types or the community associated with a certain sub­
strate type. He cautions (ibid., p. 72) that, "If this 
system is used, we must never lose sight of the species, 
which still must be the center in ecological studies."
A worrisome UNKNOWN attaches to the most generally
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distributed, most common organism in the river: namely, 
the introduced bivalve genus, Corb-icula, the Asian clam. 
Corbicula is so new on the scene, that its chief repu­
tation in the U.S. is as a trouble maker for power com­
panies on the West Coast and in Tennessee. Taxonomy of 
the U.S. Corbicula fundamental biology of Corbicula 
trophic relations of Corbicula behavior of Corbicula 
are all subjects known to knowledgeable malacologists 
to be in need of much more study. Indeed, the present 
report, to my knowledge, provides the most comprehensive 
data relating to the presence of juvenile Corbicula in 
a single large river in the United States, to date.
(See Sinclair and Isom, 1963; Sinclair, 1970; Fox, 1975; 
Mattice, 1975). Implications of these findings are dis­
cussed on p.
(6) Are there differences in the kinds, numbers and 
associations* of benthic animals in the Arkansas River — 
from one part of the study to another? An overview of 
the benthic animals encountered in this study indicates 
there are at least 3 different areas in the benthos of 
the study reach:
a) The upper end (especially above Lake Dar­
danelle) , characterized by:
i. the presence of gastropods
ii. neither Chironomid larvae nor 
Corbicula in the Oct. 74 samples
iii. medium variety and abundance of 
benthic organisms
* Associations of benthic organisms are shown in per­
centages in Appendix Tables 5, 6, and 7.
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b) The middle portion of the study reach 
(especially R.M. 171 to R.M. 71) character­
ized by:
i. presence, primarily, of Chironomid 
larvae and of Corbicula
ii. relatively less abundance, less 
variety in kinds of organisms
c) The lower end of the study reach, from R.M. 
71. to R.M. 43 (Stations 12 and 13, and 
especially the area around Mud Lake) char­
acterized by:
i. oligochaetes (and to a lesser extent, 
"pill clams" or Sphaeriids)*
ii. greatest numbers and some variety 
of benthic organisms
An examination of Appendix Tables 5, 6, and 7 shows
abundance for each of the eight major groups of benthic 
animals collected at the thirteen study stations in the 
river during the collecting series. Hynes (1972) and 
Mackenthum (1964) have noted a characteristic distribu­
tion pattern in rivers from upstream to downstream (and/ 
or from natural to "polluted" water). That is that few 
animals, greater variety give way to more animals and 
less variety. Upstream downstream distribution of ben­
thic organisms in the Arkansas River may exhibit such a 
pattern for relative abundance figures. ("Diversity" 
could not be calculated for this study.)**
* It should be remembered that both the class of oli­
gochaete worms and the molluscan family of sphaeriid 
"pill clams" include a number of "tolerant" species 
(i,e. species which survive certain periods of low pH, 
low DO, etc.—within limits—more readily than other 
species in their group).
** It should be remembered that much of the abundance 
attributed to Station 13 in this study reflected the 
comparatively large number of collection sites there 
(10), and the fact that several sites were in or at 
the outlet of "Mud Lake".
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less variety. Upstream downstream distribution of ben­
thic organisms in the Arkansas River may exhibit such a 
pattern for relative abundance figures. ("Diversity" 
could not be calculated for this study.)**
* It should be remembered that both the class of oli­
gochaete worms and the molluscan family of sphaeriid 
"pill clams" include a number of "tolerant" species
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(10), and the fact that several sites were in or at 
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It will be seen in a later section (Dredging Se­
quence Tables 40-44, pp. 196-200) that only Stations 5 
(R.M. 187), 6 (R.M. 171), 10 (R.M. 108), 11 (R.M. 86),
and 13 (R.M. 45) were subjected to maintenance dredging
by the Corps during the course of this study. Only one 
station, Station 6 (R.M. 171) was subjected to dredging 
at all collection sites during the 3 sampling series. 
At all times during the study, the benthic samples from 
this station (Station 6) were depauperate. A compari­
son of Table 41 (for Station 6) with Tables 40, 42, 43 
and 44 shows some interesting contrast. The data shown 
in Table 44 for Station 6 may or may not reflect the 
effects of prolonged dredging at that site. But since 
the contrast was so noticeable throughout the study, 
between the benthic samples from this station and from 
the others, and since, this station was the only one 
heavily dredged by the Corps—the data shown here may be 
more that coincidental.
(7) Are there groups of benthic animals which are 
clearly more prominent than others in the Arkansas 
River—with regard to abundance, distribution (either 
breadth of distribution or limitation of distribution), 
and numbers of genera in the group? Such groups may be 
identified as a result of this study:
a) Chironomid larvae and the Asian clam, 
Corbicula, were the most abundant groups 
in the river, by far.
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b) Chironomid larvae and the Asian clam, 
Corbicula were the most widely distributed 
(highest incidence) groups in the river, 
at all collection seasons, by far. Oligo­
chaetes (segmented, aquatic earthworms such 
as tubificids, etc.), though numerically 
abundant, were the most limited of the 
larger groups in their distribution in the 
river.
c) Chironomid larvae were by far the most 
varied group, in numbers of genera. In 
contrast, a single molluscan bivalve genus, 
Corbicula, exceeded all the Chironomidae
in distribution through seasonal collections, 
and exceeded all the Chironomidae in abun­
dance, regardless of season.
(8) How may any observer learn fairly readily to
identify a specimen belonging to any of the larger
groups of Arkansas River benthic organisms? (i.e. : a
nematode, an oligochaete worm, a cladoceran, a copepod, 
a trichopteran or caddis fly larva, an ephemeropteran 
or mayfly larva, a chironomid or midge larva, a cera- 
topogonid or a biting midge larva, a dextral or sinistral 
snail, a limpet, a "pill clam" or sphaeriid mollusk, a 
unionid mussel, an Asian clam—Corbicula).
In the foregoing section, written descriptions as
to size, distinguishing characteristics, method of iden­
tification and preservation, distribution, habitat and 
life cycle associations have been included. The reader 
should thus be provided with adequate information for 
provisional identifications (at least to taxonomic class 
or order) of most benthic animals he might find in the 
Arkansas River.
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PHYSICAL AND CHEMICAL FACTORS WHICH MAY INFLUENCE 
DISTRIBUTION AND ABUNDANCE OF BENTHIC ANIMALS 
IN THE ARKANSAS RIVER
With the exception of data on flow rates, substrate 
particle size, and turbidity (in NTU) , the physico­
chemical data for this study was obtained by the Corps 
of Engineers along with the phytoplankton, zooplankton, 
and benthic samples (in Oct. 74, Jan. 75, and Apr. 75).
In this section all of these will be briefly re­
viewed. A few which may have particular significance 
for the distribution and/or abundance of benthic animals 
will be dealt with in more detail.*
For additional information on physico-chemical data 
relating to the entire study, the reader is referred to 
Volume I.
Physical Factors
Physical factors relating to the benthic samples 
for which we have data are: temperature; turbidity (both 
NTU and Secchi disc readings); flow rate; substrate 
particle size; and depth of water.
Temperature: Appendix Figs. 4, 5, and 6 show his­
tograms of the Grand Mean for each of the 13 stations 
in the Arkansas River study reach, contrasted with 
graphs showing average temperature for each of the 3 
* Grand Means and parameters by station are tabulated 
in Appendix Tables.
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sampling periods. Such a gross view can hardly indicate 
more than variations coinciding with seasonal norms.
One hesitates to say much here about the complex 
topic of temperature effects (both natural and man-made) 
on benthic animals within a river’s (i.e., The Arkansas 
River’s) complex ecosystem. Many research efforts have 
investigated not only the effects of elevated temper­
atures per se on stream organisms, but also relation­
ships between temperature and such factors as light 
intensity, dissolved oxygen, food webs (involving the 
phyto-and zooplankton and benthic communities), meta­
bolic ’’tolerances” of organisms, and human criteria for 
measuring them, (e. g. , see Krenkel and Parker, 1969).
Such research efforts are aimed at developing means 
for understanding: (1) short term effects of temperature 
change on a stream's biological communities; (2) long 
range effects of temperature change on reproductive 
cycles, diversity indices, stability of communities, 
faunal exchange; and (3) subtle physiological and behav­
ioral effects of temperature change on natural popula­
tions of stream organisms--the latter being effects 
which investigators have come to realize may be of far 
more importance than Q10's measured in the laboratory.
Biologists are aware that lowered temperatures are 
not nearly so stressful overall to organisms in the riv­
er’s (benthic) communities, as are elevated temperatures.
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Hynes. (1973, p.168) notes that normally, "...the winter, 
even under freezing conditions, is a period of great 
activity and growth in temperate streams, in contrast 
to the general shut-down which occurs on land." The 
following comments, therefore, deal with effects of 
temperature elevation.
It is important to check the frame of reference a 
biologist is using when one evaluates his work and his 
findings on biological effects of temperature elevation. 
Is his experimental design geared to providing informa­
tion about possible long-term effects on a population 
of organisms and/or on relationships between groups of 
organisms? Or, does it make an effort to account for 
some immediate response of the organisms? Are the data 
relevant to stream populations, or are they more appli­
cable to organisms from standing waters? Do sampling 
techniques provide information about a local situation, 
and/or do they provide information about a large segment 
of a river system?
Some examples may be offered here:
(1) Patrick (1969, p. 183) whose distinguished 
work on food webs, etc. has promulgated her concern a- 
bout larger, more long range effects of elevated temp­
erature, comments:
"We know that natural systems are characterized 
by a high diversity of species and that raising 
temperature beyond the optimum for these 
species reduces diversity. The question is,
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how much and in what way can this diversity 
be altered and not reduce the energy flow and 
productivity of the system, and more important, 
the stability of the system through time?"
(2) Wurtz (1969), in contrast, emphasizes the
need to appreciate and understand the many unmeasured 
fluctuations in "temperature" to which a shallow-water 
benthic organism is subjected in a 24-hour period. Con-* 
cerning the effects of temperature fluctuations, Wurtz 
(ibid, p. 201) cautions:
"When we present or read a figure for average 
annual temperature, or maximum summer temper­
ature, or average daily temperature, or some 
similar derived value for surface waters, we 
commonly fix that figure in mind as the tem­
perature of that particular body of water. It 
is surprisingly easy to overlook the daily 
fluctuations of water-quality characteristics, 
such as temperature."
Wurtz (ibid.. p. 211) offers a hypothetical example
to illustrate the ways in which certain midge larvae
(burrowers, case builders, and clamberers) can partici­
pate in a complex thermal regime within a 24-hour period.
Symbols used are: S - solar radiation; R - thermal radi­
ation from and to objects in the habitat; G - conduction 
to or from the channel substrate; M - metabolic heat:
Hypothetical energy exchange in a thermal environment 
for midge larvae (from Wurtz, 1969)
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Life Form 3PM 3AM
S R G M S R G M
Burrowers - + - + - + + ?
Case Builders - + - + - - + ?
Clamberers + + - + - - + ?
Wurtz (ibid.. p. 212) suggests that if such a system of 
measurable variables could be developed for each species 
in a community, "...it could form a base for predicting 
the biological effect of a heated discharge” and for 
helping to furnish a basis for stream classification.
During the years before 1918 when the mean annual 
temperature of Lake Erie was below 50°F, the dominant 
benthic organisms were mayflies. In the years since 
1928, the temperature has risen to an annual mean of 
about 52°F and the prevalent bottom organisms are oli­
gochaetes and chironomid larvae (Wurtz, 1969). The 
problem is compounded when one realizes that many ben­
thic species in streams are stenothermic (restricted to 
a narrower, usually lower temperature range) compared 
with related species which inhabit standing water. 
Whitney (1939) demonstrated that mayfly larvae in streams 
were stenothermic in this manner. Walshe (1948) found 
by means of laboratory tests that different species of 
mayfly larvae, caddis fly larvae and stone fly larvae in 
a stream were progressively more temperature tolerant in 
their downstream distribution. Distribution of these 
species changed downstream, he reasoned, in accordance 
with their varying temperature tolerance. Using arti- 
fically elevated temperatures, McMahon (1975) produced 
a thermal effect within a population of the snail Physa 
virgata, in the form of an increased growth rate and a
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significant decrease in egg production. Even more 
"local" effects of temperature elevation have been dem­
onstrated: McDonald (1973) found that elevating water 
temperatures artifically, would greatly increase the 
locomotion (a sign of "stress") of freshwater snails 
such as Physa.
Federal guidelines do regulate heat discharges. It 
is obvious that such guidelines are cautionary, related 
to the fundamental observation of overall long-term 
harmful biological effects on a stream ecosystem, men­
tioned by Patrick above. On the other hand, careful 
refining of such guidelines can and should take place 
as understanding of the normal temperature regimes of 
both local and stream-length populations grows. Thermal 
studies of benthic animals, in this regard, may be of 
greatest importance.
With regard to the benthic fauna in the Arkansas 
River, the upstream distribution of mayfly larvae and 
caddis fly larvae, and the downstream concentrations of 
oligochaete worms, may be due in part to thermal effects. 
A good deal more data about the daily, as well as sea­
sonal, thermal fluctuations in the Arkansas River sites 
where these different benthic animals live would be re­
quired to test such an assertion, however.
Suspended Solids and Turbidity: Appendix Figs.
7, 8, and 9 show histograms of the Grand Mean for each
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of the 13 stations in the Arkansas River study reach, 
contrasted with graphs showing average turbidities 
(Nephelometric Turbidity Units) for each of the 3 sam­
pling periods .
Rivers naturally exhibit higher turbidities than 
lakes. Turbidity as a physical factor affecting the 
Arkansas River biota has been discussed in the phyto­
plankton and zooplankton sections of this report. Ob­
viously, the effect of turbidity on the plankton may 
indirectly affect the benthic animals by way of food 
webs, nutrition of life cycle stages, reproductive stra­
tegies, species distribution.*
Suspended solids may affect benthic animals directly. 
Kinds and proportions of suspended materials which pro­
duce turbidities in rivers may affect distribution and 
abundance of benthic animals markedly. Erosional silt 
may produce a silt blanket on the substrate, with ser­
ious effects. Sifting through cracks and crevices, silt 
may fill up the "pores" in the substrate, in which the 
interstitial fauna live (e . g. flatworms, nematodes, 
coelenterates, some small Crustacea, as well as the most 
versatile oligochaetes).** It may alter the phototactic 
behavior (light response) of mayfly larvae. It can be
* Turbidity may affect the amount of light reaching
the substrate where periphyton grows. Periphyton is 
of course a food source, etc., for many benthic 
animals. See also Bartsch (1959).
* * e.g. See Ellis (1936).
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devastating to ciliary suspension feeders such as uni- 
onid mussels which respond by "clamming up" (Jorgenson, 
1966; Jorgensen and Goldberg, 1953; Owen, 1966; Tebo, 
1955). Such response, when prolonged, reduces the ani­
mal’s rate of feeding and respiration, interferes with 
its calcium and carbohydrate metabolism, etc. Macken­
thum and Ingram (1964) review several schemata for 
categorizing the foregoing effects of suspended solids 
on benthic animals.
Again, if great quantities of suspended materials 
are sent downstream, the physical effects may include 
such immediate environmental insult as scour—resulting 
not only in the eradication of benthic fauna, but in the 
removal of periphyton and other vegetation necessary to 
the diet and living room of many benthic animals.
On the other hand, suspended organic matter, par­
ticularly detritus (in limited amounts) which may settle 
onto the substrate, is very useful, and indeed indispen­
sable to many benthic organisms.* So many small animals 
live on, in, or by means of detritus, that a number of 
workers (e.g. , Cummins et al, 1966 ; Hynes, 1972) have 
urged that more studies and more careful studies be made 
on the amounts, kinds and patterns of deposition of de­
tritus in running waters.
Dams on rivers, of course, allow suspended materials 
* This calls to mind the erosion-deposition concept
developed by Moon (1939 and 1940), explicated recently 
again by Mackenthum and Ingram (1964).
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to settle, thus reducing the turbidity of the water. 
Accumulation of sediments within reservoirs, however, 
presents paradoxical alternatives well-known to 
engineers.*
Another factor contributed to suspended solids and 
to the distribution of benthic organisms, is the phenom­
enon of drift. Suspended in the water column, benthic 
animals may drift downstream in great numbers. Drift 
affects some groups of benthic animals more than others. 
For example, certain mayfly larvae, and Chironomidae 
(midge) larvae are known to drift frequently, whereas 
snails, bivalve molluscs and oligochaete worms ordinarily 
do not. Drift may vary with light and/or time of day** 
and with season of the year. More benthic animals drift 
in midstream than near the banks. Hynes (1972) reviews 
literature on drift, as well as some of the currently 
available, though still limited, techniques for measuring 
drift. Some data exist to indicate that drift may
* At the 1st International Symposium on Man-Made Lakes 
in Knoxville, Tennessee in 1971, I heard a great deal 
of discussion regarding the alternatives of dam con­
struction—as to whether discharges should be made 
from the top or from the bottom of the dams. A good 
deal of evidence was presented to show that manage­
ment regimes which allow the occasional discharge of 
large amounts of sediment, can have disastrous effects 
on the biota of the river.
** Drift of benthic animals frequently peaks just after 
sunset. See Waters (1962).
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account for distribution patterns and recolonization of 
benthic regions. Other evidence indicates drifting ben­
thic organisms may be utilized intensively (though inter­
mittently) by feeding fish. Further evidence indicates 
that a substantial proportion of drifting organisms may 
simply be swept away.
Recently King and Mancini (1975) evaluated the 
composition and abundance of drift fauna in the Wabash 
River and effects of passage through steam condenser 
units on these animals. They found drift densities were 
highest for two larval species of caddis flies, four 
species of mayfly nymphs, chironomid (midge) larvae, and 
culicid (phantom midge) larvae.
Flow Rate: Within the confines of this study, it 
was not possible to measure the current flow over each 
of the benthic sampling sites, for the 3 sampling series. 
However, flow rates were calculated from the Arkansas 
River Design Memoranda which contain velocities for 
river sub-sections, along with power house release data 
for the date and approximate time of day of the site’s 
sampling. Though the figures are from the appropriate 
river sub-section, they do not necessarily reflect the 
actual flow rate at the sampling site. Most of the sam­
pling sites, it should be remembered, were behind or at 
the downstream edge of dikes or revetments.
Appendix Figs. 10, 11, and 12 show histograms of
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the Grand Mean of benthic organisms for each of the 13 
stations in the Arkansas River study reach, contrasted 
with graphs showing average calculated flow rates for 
the 3 sampling periods.
It is not possible at this time to connect such
gross flow rate data with current flows over specific
benthic collection sites. If a long-range biomonitoring 
program were to be undertaken in the future, however, 
some of the existing facilities of the District might be 
utilized to this end (See section on Recommendations).
Current: In the study of benthic animals, measure­
ments of current velocity over the sampling site are the 
most meaningful. They are also difficult to obtain,* as 
they must be made from a boundary layer next to the sub­
strate (Hubault, 1927; Ambuhl, 1959, 1961, 1962--cited 
by Hynes, 1973) which is only 1-3 mm thick on the tops 
of stones, and in which the current is very small. The 
boundary layer becomes thinner as the flow rate speeds 
up .
* Hynes (1972, p. 151) underscores the difficulty of 
obtaining such measurements: "...current speeds men­
tioned (in his text) are those of the main mass of 
water, or of its surface; they are not the speeds to 
which the (benthic) animals are actually exposed in 
the boundary layer...". A suggestion offered by the 
same author, is the use of a relatively simple, in­
expensive, but yet reliable apparatus devised (by 
Gessner, 1955b) for consistent measurement of flow 
rate (p. 6) .
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How does current affect benthic animals? Many ben­
thic animals are anatomically modified. Hynes (1973) 
deals at length with such modifications as: (a) flattening 
of the body (e.g. mayfly larvae, caddis fly larvae), 
(b) streamlining (e.g. biting midge larvae), (c) reduc­
tion of projecting structures, (d) development of suc­
kers (e.g. black fly larvae) (e) development of friction­
pads and marginal contact, (f) development of hooks and 
grapples, (g) small size (e.g. nematodes, Corbicula lar­
vae), (h) silk and sticky secretions, (e.g. byssal 
thread of juvenile Corbicula), (i) ballast, (j) life in 
vegetation, (k) reduction in powers of flight (of adult 
insects).
Current also affects benthic animal's behavior, 
sometimes in remarkably similar ways. For example, many 
benthic animals move against the current, migrating up­
stream (usually along the margins of the stream) and 
thereby affecting their distribution in the river. 
Appendix Table 8 summarizes some of this evidence. As 
indicated in the previous comment on "drift", certain 
benthic animals, especially at certain times of day, may 
also drift in the current. Benthic animals may respond 
differently to the influence of current at different 
times in their life cycles; and animals of the same spe­
cies, from different substrate habitat, may respond 
differently to current.
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Benthic animals living in a river current may show 
physiological adaptations. Respiratory rates and meta­
bolic rates may be half again as high as for related 
species living in standing water or in a slow current. 
Some workers argue, (reviewed by Hynes, 1972) at least 
with regard to experimental evidence from mayfly, caddis 
fly and stone fly larvae, and some limpets that such ef­
fects may be due to faster current reducing the oxygen 
concentration necessary for the animal’s survival. Such 
physiologically-adapted river forms, whose respiratory 
rates drop drastically when placed in still water, would 
not take in oxygen at a rate sufficient for survival in 
a lentic environment.
En somme, many of these adaptations for life in a 
current (anatomical, behavioral and physiological adap­
tations) are not found in related species characteristic­
ally inhabiting the benthos of lakes. When even small 
lakes are created in rivers, changes in benthic fauna 
inevitably occur. "Lake-adapted” species colonize the 
new lake areas, and "stream-adapted" species disappear. 
Unavoidable disruption of the river benthic fauna, and 
of normal upstream and downstream distribution patterns 
result.
To carry the matter further, if a river is managed 
in such a way that river conditions are unusually un­
stable, neither benthic animals adapted for small streams
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nor those adapted for large rivers may survive. Hynes 
(1972, p. 449) notes an example:
"Occasionally, and especially where dams are used 
for irrigation, the dry-weather discharge is greatly 
reduced and the level of the river fluctuates much more 
than it did before. Neel (1953) describes the effects 
of this in the North Platte River, Wyoming, and points 
out that conditions there now vary from those of a 
large river to those of a small head water, with the 
result that organisms characteristic of neither can 
persist."
The present study of the Arkansas River seems to 
indicate a benthic fauna comprised of animals belonging 
to the more characteristic fauna of a natural river, 
above Lake Dardanelle, than below the lake. The extent 
to which appropriate current velocities are involved 
cannot be estimated at this time, however.
Substrate and Substrate Particle Size: Two sets 
of tables included in the Appendix of this report con­
tain data relating to Arkansas River substrate particle 
size. The first of these, Appendix Tables 9, 10, 11,
show substrate characteristics determined from repli­
cated samples at each of the collection sites in Sta­
tions 1-13 for the Oct. 74, Jan. 75, and Apr. 75 benthic 
sampling series. Wentworth particle size classes (see 
Table 8) plus the additional categories of "plant"
( = detritus), "wood" ( = sticks, twigs); "metal", and 
"thread", are tabulated here. The latter two categories 
will be discussed below.
The second set of tables, Appendix Tables 12, 13,
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14, sums the number of Wentworth substrate particle 
types tabulated for samples from each site (for each of 
the 3 sampling series), and compares these with figures 
for number of benthic organisms per square meter for 
each of the 8 major groups, from each site. If the 
sampling sites (usually 56) in a series are evaluated by 
tabulating the number of particle sizes (1-9) in a sam­
ple, against the number (1-8) of major benthic animal 
groups in that sample, and this is done for each of the 
3 sampling series, we obtain the following summary 
(shown in Table 39).
Within the confines of the sampling techniques for 
the present Arkansas River benthic study, the mean num­
ber of benthic animal groups at a site was between 3 and 
4; and the mean number of substrate particle class sizes 
was also between 3 and 4. Since the benthic samples 
were collected by a Ponar grab sampler, and then sieved 
through a 30-mesh screen (see Materials and Methods), 
any substrate particles passed through the screen would 
not have been saved as part of the benthic sample.* 
Therefore one can hardly attach significance beyond the 
circumstances of the sampling technique to the data in 
Table 39.
"Metal’' bits, that is sand-grain-sized bits of 
shiny metal were  found in some of the samples. The 
* The frozen core sampler (e . g. Gale, 1975) offers some 
compensating features. (See also Flannagan, 1970).
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TABLE 39
Summary table, showing number of substrate particle sizes (1-9)* in a sample compared 
with number of major benthic animal groups (1-8)** in that sample
Sampling ______________________ Number of Categories
Series 0 1 2 3 4 5 6 7 8 9 Mean
Oct. 74 Number of 
substrate 
particle* sizes
NA 4 9 12 12 8 0 3 1 2 3-4
Number of 
benthic 
an. groups**
3 7 9 14 9 5 3 1 0 NA 3
Jan. 75 Number of 
substrate 
particle* sizes
NA 7 7 12 12 10 5 2 1 0 3-4
Number of 
benthic 
an. groups**
2 5 13 13 12 1 2 3 NA 2-3
Apr. 75 Number of 
substrate 
particle* sizes
NA 2 5 11 19 13 4 1 1 0 4
Number of 
benthic 
an. groups**
0 3 10 15 15 6 4 1 2 NA 3-4
*As indicated in the text, number of substrate particle sizes refers to the Wentworth Class, 
indicated in Table 8. The particle size tabulations in this study were made as stated in 
Materials and Methods section.
**Number of benthic animal groups equals the eight major groups treated in this study (See Table 35).
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Corps of Engineers suggested, in response to our query 
about this, that the metallic bits might have flaked off 
a dredge as it worked the river.
"Thread" designates another artifact found in the 
benthic samples. There were scarcely any of the samples 
where this wasn’t found. The thread, usually red or 
blue, less than 1 mm in diameter and in pieces a few mms 
long, varied in amount. It appeared to be nylon. What 
is the source of this artifact? Why is there so much of 
it? Why so widely distributed? Whatever the answers to 
those questions, one thing can be affirmed: that this 
artifact is a very characteristic part of the substrate 
at all of the 13 stations along the 240-mile long study 
reach.
At the 7th Annual Dredging Seminar in New Orleans, 
in November 1974, one of the papers dealt with develop­
ment of metastable conditions in benthic soils, which 
had been associated with pipeline breakage in some es­
tuaries. The author of the paper* showed evidence to 
indicate metastability was related to certain small par­
ticle sizes in stream substrates. It is possible to 
speculate that a sufficient increase in artifact partic­
les of a certain size in a river’s substrate might even­
tually alter the physical properties of that substrate, 
* Wayne A. Dunlap, Geotechnical Group, Texas A. & M.
University. Dunlap’s paper was titled: "Problems 
Associated with Submarine Pipeline Construction."
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so as to bring on metastable conditions.
As mentioned earlier (in Materials and Methods), 
the standardized sampling procedures used in this study 
preclude full evaluation of substrate particle size and 
its relation to distribution and abundance of benthic 
animals in the Arkansas River. However, a kind of gen­
eral rule as stated be Hynes (1972, p. 208) is:
"...the larger the stones, and hence the more com­
plex the substratum, the more diverse is the inverte­
brate fauna. Sand is a relatively poor habitat with 
few specimens of few species, apart from its microfauna, 
but silty sand is richer, and muddy substrata may be 
very rich in biomass although not in variety of species." 
A key factor in the importance of stones of some size 
(and preferably with crevices, etc., in them) as sub­
strate is the amount of surface they afford for various 
kinds of benthic animals.
A modest proportion of the Arkansas River benthic 
samples* were comprised of boulders, sometimes just one 
or two large rocks. Though these samples showed a fair 
variety, they did not contain many animals as a rule. 
That finding may have been mitigated by the ponar-dredge 
(and sieving) sampling technique. Many of the sandy 
samples contained few organisms of few groups, usually 
chironomid larvae and/or Corbicula. The silty samples, 
especially those from the lower end of the study reach, 
* 7 of the 56 sites in October, 7 in January, 6 in
April, mostly at Stations 2 and 4 = an average of 
12% of the sites.
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often contained sand and a great number of oligochaetes 
and sphaeriids. By far the most varied and abundant 
organisms were found in samples which contained little 
sand, some pebbles, and a good deal of detritus. In 
terms of productivity, the main benthic sample types 
could be ranked as follows:
Substrate particles and organisms in 
benthic samples obtained by ponar grab 
and 30-mesh sieve from the
Arkansas River
1. Little sand, few pebbles, much detritus:
many organisms and many kinds of organisms.
2. Silty, sandy samples, twigs:
many organisms and few kinds of organisms 
(mostly oligochaetes and sphaeriids)
3. Cobbles, boulders:
few organisms and many kinds of organisms
4. Sand (fine, medium, coarse and/or very coarse):
few organisms and few kinds
(mostly Corbicula and/or chironomid larvae) 
The foregoing may be compared with the table below, mod­
ified from Hynes (1972, p. 208), showing percentage com­
position of adults of various groups of insects emerging 
over different types of substratum in streams in Ontario:
Rubble Gravel Sand Muck
Ephemeroptera 35.5 4.6 9.3 20.3
Trichoptera 7.0 1.7 1.7 3.8
Plecoptera 4.1 2.1 0.7 0
Chironomidae 38.2 67.6 83.9 74.8
Simuliidae 10.8 21.4 0.9 0
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In recent years interest in another means of eval­
uating benthic fauna-substrate relationships has devel­
oped. Called the "Substrate Cover-Fraction Concept", 
it considers the hypothesis that the size and distance 
apart of stones on a river bed may be important in de­
termining population density of the benthic fauna. 
Scott (1966) offered experimental results to indicate a 
significant positive regression for total numbers, the 
mayfly complex, and possibly also for the chironomid 
(midge) larva complex, etc. Scott is critical of the 
concept and of the inadequate testing of the concept in 
relation to other factors which characterize areas of 
large stones on a river bottom.
Dissolved Oxygen, pH, etc,: A few comments may 
suffice to deal briefly with the remaining series of 
histograms and contrasting graphs of measurements for 
dissolved oxygen, for pH, for total alkalinity, altitude, 
and for depth in feet. (See Appendix Figs. 10-24.)
Within the confines of this study, there seems lit­
tle evidence that any of the above may be a critical 
factor in the distribution of the major benthic animal 
groups in the Arkansas River. One possible exception 
is the fauna at Station 13, especially at the collection 
sites in the meander at Mud Creek, where the large con­
centration of certain oligochaetes, etc., is character­
istic of environments characterized by thick, polluted
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muds, etc. In such environments, oxygen may become a 
limiting factor, although many oligochaetes can tolerate 
low oxygen tensions, to a point. Two species which are 
known to be perhaps the most resistant to organic and 
inert mineral pollution are Tubifex tubifex and Limno­
drilus hoffmeisteri. T. tubifex was identified from our 
samples, as was L. hoffmeisteri. L. uedekemianus, an 
oligochaete which is also common in polluted water but 
is less tolerant than L. hoffmeisteri, was apparently a 
characteristic organism in a number of benthic samples 
from Station 13.
Brinkhurst (1965) does suggest the three basic ap­
proaches to the use of macroinvertebrates (especially 
benthic invertebrates) in relation to pollution (in 
which he includes pollution by organic matter, effects 
of poisons, inert solids, insecticides*, etc.) as:
1) establishment of physical chemical toler­
ance limits for individual species;
2) a continued search for "indicator” species, 
whose presence or absence may be used to 
characterize the water under study;
3) "...detailed analysis of community struc­
ture by all available parameters, including 
biotic and abiotic factors, consistent with 
time, staff, and facilities available."
A growing proportion of workers today including 
Patrick (1969) and Hynes (1972)’ seem to favor alterna­
tive 3 above. The background information acquired about 
* Similar to Mackenthum and Ingram's (1966) categories:
1) organic pollutants
2) toxic substances
3) inorganic solids (silts, etc.)
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the existing biota of the Arkansas River in the course 
of this study would seem to offer a proper start in this 
direction. For a long-range study, however, smaller 
areas could be subjected to more intensive measurement 
of their physical, chemical and biological parameters, 
from time to time.
As techniques develop for evaluating and exploiting 
alternatives 1 and 2 above, all three procedures will 
probably converge. Fisher and Beeton (1975) chose the 
oligochaete Limnodrilus hoffmeisteri as their focal ex­
perimental organism in recent studies because it is the 
most common and abundant oligochaete in the world; and 
because it is a eutrophic and pollution-tolerant animal. 
L. hoffmeisteri, a constant and continuous burrower in 
the substrate,* was subjected to a series of vertical 
burrowing experiments and horizontal burrowing experi­
ments, in hypoxic conditions. From their laboratory 
experiments, the investigators found a sequential pat­
tern of burrowing responses to hypoxia:**
* As indicated in the preceding section on Arkansas 
River benthic animals; the burrowing movements of 
both oligochaetes and chironomid larvae are believed 
to be extremely important to the mixing and layering 
of materials in aquatic sediments. Fisher and Beeton 
(ibid.) note Steckner and Lund's (1970) contention 
that "oligochaete traffic" is a primary mover of 
algae in the sediments.
** There is a good scientific base for this contention. 
Behavioral tests are known to ethologists to be, in 
an increasing number of instances, much more sensi­
tive than physiological tests. The notion of a be­
havioral assay is therefore very appealing.
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1) Early (1-3 days) contact with hypoxia 
causes many of the worms to burrow deeply;
2) Continued contact (4-9 days) with hypoxia 
results in movement back to the surface;
3) Prolonged contact (10 days) with hypoxia 
results in a second downward surge.
The authors express the contention that it may be pos­
sible to quantify such behavioral responses of benthic 
organisms to environmental insult. The animals could 
then be used as behavioral assay organisms to monitor 
water quality.
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SUMMARY AND CONCLUSIONS
In this study the question, "What is the actual or 
potential effect of dredging on the benthic communities 
of the Arkansas River?" has been considered. Of the 13 
benthic sampling stations on the river, five stations 
contained sites within which maintenance dredging had 
occurred as recently as 1974. These are Stations 5, 6, 
10, 11 and 13. Only Station 6 was subjected to repeated 
dredging at a number of sites. Findings as they relate 
to benthic organisms are summarized in Tables 40-44, and 
are discussed below.
(1) Initially in this report, the sampling stations 
were analyzed as to location relating to (a) the Corps’ 
maintenance dredging activities and (b) permit sites for 
dredging by commercial firms along the river. Sampling 
stations for the study were well distributed along the 
study reach; but they did not include sites at, above, 
and below dredging sites. Also, more than 71% of the 
study reach was allocated by permit for dredging activ­
ities by private companies. For such activities we had 
no site data.*
(2) Next, an analysis of the sampling techniques 
used in this study was made, indicating criteria for 
choice of the ponar dredge and sieving and preservation 
* This has been thoroughly detailed in the Introduction
to the Benthic Report.
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procedures. Advantages and disadvantages of these pro­
cedures were enumerated.
(3) A systematic analysis of the major groups was 
provided. Their distribution, abundance, community as­
sociations and substrate relationships were considered. 
The findings have been presented so that it should be 
possible for this section of the benthic report to serve 
as a kind of handbook for the benthic organisms of the 
Arkansas River. Results of the analysis include the 
following findings:
a) On the basis of our samples, there appear 
to be eight major groups of animals in/on the substrate 
of the river: Nematodes (round worms); Oligochaetes 
(aquatic earthworms); Crustacea (mostly Cladocera and 
copepods); Ephemeroptera (mayfly larvae); Trichoptera 
(caddis fly larvae); Chironomidae (midge larvae); other 
insect larvae (biting midge larvae, mosquito and phantom 
midge larvae); Mollusca (some snails and limpets, some 
sphaeriid "pill clams", and mostly the introduced Asian 
clam, Corbicula).*
b) On the basis of our samples, there appear
to be at least 3 regions in the longitudinal distri­
bution of the benthic fauna in the Arkansas River: (1)
the region above Lake Dardanelle, characterized by gas­
tropods and mayfly larvae, and boulders in the substrate; 
* A few unionid mussels were taken with the fish
samples.
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(2) the region below Lake Dardanelle, and on through the 
long mid-region of the study reach, characterized by 
much sandy substrate and a fauna comprised essentially 
of Corbicula and chironomid midge larvae; and (3) the 
region at the lower end of the study reach, near Mud 
Lake, characterized by organisms such as the oligo­
chaetes Tubifex tubifex and Limnodrilus uedekiamus . *
c) At any point along the study reach, benthic 
samples showing a variety of substrate particles, and 
especially samples with detritus in the form of leaves, 
twigs, etc., contained a richer fauna, both in numbers 
and in kinds of organisms—than did any of the other
samples .
d) Biologically one of the most noteworthy 
findings of the benthic study was the prevalence of an 
introduced bivalve, Corbicula, throughout the study 
reach. One expects that the majority of organisms in 
the substrate of a river will be arthropods (especially 
insect larvae) and molluscs (Hynes, 1972). This proved 
to be the case in the Arkansas River. What is unex­
pected however, is the wide distribution and great abun­
dance of one genus of apparently recent introduction,
* See e.g. Brinkhurst, 1965, and Fisher and Beeton, 1975.
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the genus Corbicula,* The single Asian clam exceeds all 
the chironomid larvae (32 genera of them) in abundance. 
(In what may be the most comparable effort and finding 
to date, Carlson (1968) found the "pill clam", Sphaerium 
transversum, to be the most characteristic and abundant 
organism in a 1960-61 Mississippi River benthic study.)**
(4) Consideration was given to the abundance and 
incidence of the benthic fauna of the Arkansas River in 
relation to available physical and chemical data. Of 
the physical parameters considered, substrate and sub­
strate particle size seem to be most important for the 
Arkansas River benthic fauna. We did find character­
istic fauna associated with samples containing various 
kinds of particles (indicated above). We also noted 
that prevalence of sandy substrate in the long mid-region 
* Since the basic biology of Corbicula has not been 
extensively studied, we are interested in learning 
something of the characteristic behavior of this ani­
mal. In a simulated "stream" in my laboratory, we 
have already observed that animals 2 or 3 cm long 
readily move "upstream" at the rate of 250 cm/hr, even 
over a bare substrate. This feat would be impossible 
for unionid mussels of any size, and probably also 
for sphaeriid "pill clams". Our data, to the present, 
indicate that Corbicula seem to be unusually active 
bivalves in the substrate. Other characteristics of 
Corbicula are discussed in a special section on this 
animal.
** Other biological findings, probably of interest and/ 
or concern primarily to biologists: 2 new (for this 
region) chironomid larvae: Tschernovskiella and a 
larva belonging to the Harnischia complex; a new dis­
tribution record for the oligochaete Limnodrilus 
clapedianus cervix; and a dearth of unionid mussels, 
an indigenous fauna. (chironomids identified by 
James Sublette; oligochaetes by Walter Harman).
192 
of the study reach coincided with the almost exclusive 
habitat of chironomid larvae and the bivalve, Corbicula, 
Samples containing only very fine, fine, and medium sand 
were invariably the most barren of all.
(5) Another finding, of unknown implications, is 
that most all of the 504 samples examined in this study 
contained a "thread" artifact. One wonders if this 
finding corresponds with observations made by the Hy­
draulics Department in the Corps offices at Little Rock. 
A postulated reason for concern is offered on p.
(6) Finally, the benthic fauna of the Arkansas 
River was obviously more abundant and varied than an­
ticipated at the outset of the study. The study reach 
as a whole showed many areas where the benthic fauna was 
skimpy and monotonous, however. It is possible though 
to envision some practices which could lead to the de­
velopment of a richer benthic fauna. (See recommenda­
tions , below).
(7) I have speculated that a combination of the 
peculiar habits of Corbicula and the sediment-moving 
practices of river management on the Arkansas River may 
have brought about the apparently wide distribution of 
Corbicula in the benthos of the river.
(8) Finally, data available for consideration of 
dredging effects on benthic fauna here are too few to 
permit definite conclusions. Early in the study, we
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noted that samples from R.M. 171 (Station 6) were re­
markably bare of benthic animals. What few animals 
there were, were chiefly chironomid larvae and Corbicula. 
This observation was made from Station 6 samples repeat­
edly through the several sample series. When dredging 
data were finally provided for us from the District, it 
was therefore of interest to learn that Station 6 was 
also the only one where maintenance dredging had occur­
red throughout the study (See Table 41). The depauper­
ate fauna (depauperate in numbers and in kinds of ani­
mals) in this area may indicate the biological profile 
of a repeatedly disturbed area.
A highly tentative conclusion concerning the ef­
fects of maintenance dredging on the Arkansas River 
benthic fauna may thus be: while occasional dredging of 
a site has not been determined to alter the local ben­
thic fauna, repeated dredging of an area may produce a 
biological profile in which (1) the number of organisms 
per square meter is markedly less than that of other 
sites where some dredging or where no dredging has oc­
curred; and (2) the kinds of organisms may be reduced to 
two: chironomid larvae and the introduced Asian clam, 
Corbicula. (Compare Table 41 with Tables 40, 42-, 43, 
44) .
Evidence is mounting among malacologists that Cor­
bicula does seem increasingly to be a creature of
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disturbed freshwater habitat in the U.S. (E. M. Stern, 
1976; M.F. Vidrine and D.J. Bereza, 1976). Summer 1976 
malacological collections in undisturbed reaches of the 
White River in Arkansas (Kirk Wright, personal communi­
cation) have turned up no Corbicula.
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SEQUENCE OF FIVE TABLES SHOWING BIOTIC CHARACTERISTICS OF SAMPLING 
STATIONS AT WHICH MAINTENANCE DREDGING HAD RECENTLY
OCCURRED.
TABLE 40
Biotic characteristics of Station 5 (R.M. 187). Site 1 was dredged 
April/September 1974 and January, 1975. Sites 2,3,4 were not dredged. 
Substrate: silt, sand (to cobbles)*
Organisms/M2
SITE 16 Oct. 74 16 Jan. 75 17 April 75
1 Crustacea 
Chironomids 
Corbicula
Coelenterates 
Trichoptera 
Hydracarina 
other Diptera 
Corbicula
Diptera 
Chironomids 
Corbicula
2 Crustacea 
Chironomids 
Corbicula
Chironomids 
other Diptera
Coelenterates 
Oligochaetes 
Chironomids 
Corbicula
3 Coelenterates 
Ephemeroptera 
Trichoptera 
other Diptera 
Chironomids 
Corbicula
Crustacea 
Chironomids 
Corbicula
Oligochaetes 
Ephemeroptera 
Chironomids 
Corbicula
4 Platyhelminthes 
Ephemeroptera 
Trichoptera 
Corbicula
Corbicula Oligochaetes 
Chironomids 
Corbicula
1 919 2144 3120
2 1474 57 1857
3 1091 4900 191
4 957 842 1589
*Note the comparative variety of organisms and abundance of organisms 
indicated in this table (compared with Tables 41, 42, 44). Also note 
this is the only station in this series to show silt and sand as sub­
strate, in the collected sample.
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TABLE 41
Biotic characteristics of Station 6 (R.M. 171). Sites 1,2,3 and 4 were 
all dredged in 1974 and in January, 1975. Substrate for all samples was 
sand (through cobbles).*
SITE 16 Oct. 74 16 Jan. 75 17 April 75
1 Nematodes 
Chironomids
Corbicula Hydracarina 
other Diptera 
Chironomids 
Corbicula
2 Oligochaetes 
Chironomids 
Corbicula
Chironomids 
Corbicula
Corbicula
3 Chironomids 
Corbicula
Chironomids 
Corbicula
other Diptera 
Chironomids
4 Nematodes 
Chironomids 
Corbicula
0 other Diptera 
Chironomids 
Corbicula
Organisms/M
1 517 153 268
2 268 287 57
3 823 210 344
4 402 0 172
*Data in this table suggest possible effect of prolonged disturbance of 
the substrate: a distinctly depauperate fauna, both as to kinds of 
organisms and as to numbers of organisms.
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TABLE 42
Biotic characteristics of Station 10 (R.M. 108). Site 4 was dredged 
July 1974, and January, 1975. Dredge spoil area was 1300 feet upstream 
from site 4. Substrate: sand (to cobble).
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SITE 21 Oct. 74 21 Jan. 75 21 April 75
1 Oligochaetes 
Trichoptera 
Chironomids 
Corbicula
Trichoptera 
Chironomids 
Corbicula
Hydracarina 
Crustacea 
Chironomids 
Corbicula
2 Corbicula Chironomids 
Corbicula
Oligochaetes 
Crustacea 
other Diptera 
Chironomids 
Corbicula
3 Nematodes 
Chironomids 
Corbicula
Oligochaetes 
Crustacea 
Ephemeroptera 
Trichoptera 
other Diptera 
Gastropoda 
Corbicula
Oligochaetes 
Crustacea 
other Diptera 
Chironomids 
Corbicula
4 Corbicula Chironomids 
Corbicula
Nematodes 
other Diptera 
Chironomids 
Corbicula
5 Nematodes 
Hydracarina 
Chironomids 
Corbicula
Hydracarina 
other Diptera 
Chironomids 
Corbicula
Hydracarina 
Ephemeroptera 
Chironomids 
Corbicula
6 Trichoptera 
Chironomids 
Corbicula
Nematodes 
Oligochaetes 
Chironomids 
Corbicula
Oligochaetes 
Hydracarina 
Chironomids
2
Organisms/M
1 344 230 249
2 249 19 498
3 249 1340 249
4 938 364 478
5 402 861 383
6 574 536 3177
TABLE 43
Biotic characteristics of Station 11 (R.M. 86). Site 1 was dredged 
July 1974 (and July 1975). Substrate: sand (to cobble).
SITE 21 Oct. 74 22 Jan. 75 23 Apr. 75
1 Corbicula Nematodes 
Chironomids 
Corbicula
other Diptera 
Chironomids 
Corbicula
2 Nematodes 
Ephemeroptera 
Trichoptera 
Chironomids
Oligochaetes 
other Diptera 
Chironomids 
Corbicula
Coelenterates 
Oligochaetes 
Amphipods 
Crustacea 
Trichoptera 
Other Diptera 
Chironomids 
Corbicula
3 other Diptera 
Chironomids 
Corbicula
other Diptera 
Chironomids 
Corbicula
Crustacea 
Trichoptera 
Chironomids
Corbicula
4 Ephemeroptera 
Corbicula
Chironomids 
Corbicula
Nematodes 
Chironomids 
Corbicula
2
Organisms/M
1 995 230 306
2 1455 268 1205
3 1244 651 325
4 1895 804 536
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TABLE 44
Biotic characteristics of upstream sites of Station 13 (R.M. 45). Site 1 
was dredged Jan. 1975 and Jan. through Aug. 1974. Substrate: sand (to 
pebble).*
2
SITE 23 Oct. 74 24 Jan. 75 24 Apr. 75
1 Nematodes 
other Diptera 
Chironomids 
Corbicula
Corbicula Hydracarina 
Chironomids 
Corbicula
2 Corbicula Nematodes 
Oligochaetes 
other Diptera 
Corbicula
Oligochaetes 
Crustacea 
Corbicula
3 Chironomids Chironomids Chironomids
Corbicula Corbicula Corbicula
Organisms/M
Station 6.
1 153 19 344
2 57 268 77
3 344 38 172
*Note the resemblance between data in this table and in Table 41, for
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RECOMMENDATIONS
1. A diversified, abundant river benthic fauna is 
characteristically associated with variety of substrate 
types, particularly coarse particles with sizeable 
"interstices", and with detritus. Therefore, any river 
management practices which would develop or maintain 
such a diverse substrate can be recommended.
2. Though river benthic fauna include many organ­
isms which are modified for life in a current, a river’s 
fauna can be enhanced by preservation of the quieter 
flow-through waters in backwater areas, where a greater 
diversity of substrate and substrate organisms may occur. 
Since such areas are also important feeding and breeding 
grounds for zooplankton and fish fauna, very careful 
consideration should be given to avoiding mutilation or 
obliteration of these areas by dredging or spoil deposit.
3. To evaluate long-term biological effects of 
dredging (and other practices) in the Arkansas River, 
the following seem desirable data to accumulate:
a) information on the composition of the sub­
strate (both physical and biological) above, at and be­
low specific sites where dredged material is removed, 
and where dredge spoil is placed;
b) information on the composition of the sub­
strate (both physical and biological) above, at and be­
low specific sites of proposed commercial dredging
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activities. Similar information should be obtained from 
the proposed sites of any dredge spoil deposition;
c) monitoring of the composition of the 
dredged sediments for possible toxic substances. The 
Elutriation test, along with the qualifications suggested 
by Lee and Plumb (1974), seems to offer improvements 
over some current practices. Examination of such soils 
for benthic fauna (tolerant and/or non-tolerant organ­
isms) would provide immediate clues about the "liva­
bility" of the benthic habitat;
d) data on actual location of maintenance 
dredge spoil sites;
e) review of criteria for selection of such 
sites, in the light of the present study; and
f) data on actual location of commercial 
dredging sites. (This might include review of criteria 
used for the selection of such sites, if at all pos­
sible. )
4. The foregoing suggestions may be impracticable 
in the light of some existing District procedures. None­
theless, it might be possible for the appropriate de­
partments to review their current responsibilities in 
order to determine possible means presently available 
for acquiring such data. For example, I understand that 
the Hydraulics Division regularly samples substrate in 
most of the mapped subsections of the river. Would it
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not be possible to enlist their capability at certain 
times to sample the benthic biota* as well? It may be 
that the capacities within and between the several of­
fices of the Corps in Little Rock could be admirably 
suited to long-term biomonitoring of river substrate.
5. Corbicula's apparent establishment as a major 
benthic organism in the Arkansas River is evidently a 
very recent event. It may well become, if it isn’t 
already, the starling of the river bottom. A well estab­
lished principle in population biology is that the 
larger a natural population of organisms is, the less 
susceptible to environmental or genetic change it can 
be expected to be. In other words, Corbicula now may be 
so widely distributed and so abundant in the river, that 
the other groups of organisms with much more limited 
abundance and distribution there can be expected to be 
more readily, adversely affected than Corbicula by 
changes in the river's environment. Yet it is the other 
groups of organisms which possess the capacity for pro­
ducing more predictably stable, diverse benthic commun­
ities in the river benthos.
As mentioned before, Corbicula has posed severe 
problems for power companies located on rivers on the
* Processing of benthic samples could be discussed with 
this (Kraemer's)office. Such sampling might, in the 
long run, be a cheaper, more efficient procedure than 
some now used.
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West coast of the U.S., and thus this animal should be 
monitored as a potential problem for such installations 
on the Arkansas River. In December 1975 an Arkansas 
Power and Light Company spokesman called our office to 
report that Corbicula was appearing on the intake screens 
of Arkansas Nuclear 1 in Lake Dardanelle.
The October through April samples examined in this 
study showed a substantial decline in numbers of Cor­
bicula from October to April, though relative numbers 
in April were still very large. Whether or not this will 
be found to be a seasonal characteristic, and/or a char­
acteristic only of the younger animals, can’t be stated 
at present.
For the foregoing reasons, I have urged that the 
Corbicula population in the river be monitored through­
out the year. If more were known of the seasonal abun­
dance of these organisms, a "Corbicula-guideline" for 
preferred dredging times might emerge. It seems that as 
dredges push the sediments around, they also push around 
the tiny Corbicula which the sediments contain.
6. With regard to the "thread" artifact found in 
so many of our benthic samples, I suggest that appro­
priate engineering personnel inquire into the source and/ 
or potential long-term affect of this artifact, as it 
relates to the Arkansas River substrate.
7. As Crossman, et al (1974) suggest, biomonitoring
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of benthic invertebrates in a river may provide the most 
economical long-term data on a river's environment. The 
bottom animals are not typically swept through, as are 
the phytoplankton and zooplankton; and they can not swim 
away as can the fish fauna. Sitting, sprawling, creeping 
on, in or through the substrate—they most readily in­
dicate the biological state of the river habitat.
With the hope that a number of those working with 
the Corps on and in the Arkansas River appreciate the 
foregoing comment, it may be that several seminars and/ 
or briefing sessions regarding the location, appearance, 
habits of the river's benthic denizens could have some 
long-term educational value. I would be happy to assist 
in providing such a session or sessions.
8. Finally, for long-term scientific studies of 
the benthos of the Arkansas River, professional refer­
ence and study collections of these animals are indis­
pensable. I recommend, therefore, that at least a sub­
stantial proportion of the organisms from the present 
study, and/or from future benthic studies of the Arkansas 
River, be housed in an appropriate, accessible manner. 
The Museum at the University of Arkansas at Fayetteville 
would seem to be such a place.*
* Discussion with Corps personnel regarding long-term 
interdisciplinary biological (etc.) data storage and 
retrieval might be very helpful.
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related to the amount of precipitation. Following the 
first pronounced rise in chlorinity, brackish-water 
zooplankton increased in numbers but following still 
greater rises in salinity the plankton population was 
reduced to an almost insignificant amount. The amount 
of dissolved oxygen seemed to be correlated with the 
amount of sunlight through the photosynthetic activities 
of phytoplankton and larger aquatic plants. Water temp­
eratures were higher than mean air temperatures in sum­
mer but lower for short periods in winter. The total 
carbonate content appeared to vary directly as the 
chlorinity. Carbonates were detected in the normal form 
in summer only, when the animal component of the plank­
ton was low. The hydrogen ion concentration seemed to 
be influenced partly by the type of plankton organism 
present and partly by the chlorinity and carbonate con­
tent of the water. The ammonia nitrogen content was low 
in general while the albuminoid nitrogen content was 
high and the increased amounts of nitrogenous matter as 
found on several occasions may have been produced by 
the death of the plankton crop.
Carlander, K.D., Carlson, C.A., Gooch, V. and Wenke, 
T.L. 1967. Population of Hexagenia mayfly naiads 
in Pool 19, Mississippi River, 1959-1963. Ecology, 
48: 873-878.
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June populations of Hexagenia naiads in Pool 19 of the 
Mississippi River suggest an alternate year cycle of 
abundance. Although population density varied in dif­
ferent sections of the river, little pattern was evi­
dent. Water depths from 0.5 to 6 M and bottom deposits 
from soft mud to soft muds with shells or plant debris 
had little consistent relation to population density. 
Sand and gravel areas had few or no Hexagenia.
Carlson, C.A. 1968. Summer bottom fauna of the Mis­
sissippi River, above Dam 19, Keokuk, Iowa. 
Ecology, 49: 162-169.
Over 1400 benthos collections were made from eight samp­
ling areas near the Illinois shore of the Mississippi 
River above Dam 19 in the summers of 1960 and 1961. No 
significant difference was found in numbers of macro­
scopic organisms collected after sifting Ekman dredge 
contents through 20- and 40- mesh screens. Sphaerium 
transversum was the most abundant organism and was the 
only organism collected at every sampling plot on each 
sampling date.
Cole, R.A. 1973. Stream community response to nutrient 
enrichment. J. Water Pollut. Control Fed., 45: 
1874-1888.
Inorganic enrichment of streams by nutrient salts-- 
gross enrichment reduced the number of species by about 
one-half in pool edges and riffles. MacroInvertebrates 
were most abundant in the sediment of pool edges. Abun­
dance of macroinvertebrates in riffles was strongly as­
sociated with the type of dominant plants present. 
Species composition in enriched area: species normally 
associated with pool edges now appeared in riffles where 
many of the aquatic insects had been eliminated. The 
change in species composition in riffles of "grossly 
enriched streams" is common to organic enrichment and 
is attributed to decreased oxygen and increased sedi­
mentation.
Coutant, C.C. and Pfunderer, H.A. 1974. Thermal ef­
fects. J. Water Pollut. Control Fed., 46: 1476— 
1540.
Benthic communities appeared to be useful as a general­
ized indicator. On the Ohio River, thermal input (of 
never more than 90C) from four power plants had no lim­
iting effects on aquatic biota. On the south fork of
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Lake Wylie, S.C., differences in the benthos attributed 
to a combination of thermal discharges and water quality, 
organisms in tuttoral zone were adapted to withstand the 
large daily and seasonal temperature changes. An in­
crease from 1° to 21°C and the speed of phototactic 
movement of the larvae of Chironomus dorsalis increases 
by a factor of 4 to 5.
Crisp, C.B. and Crisp, N.H. 1974. Substrate preference 
of benthic macroinvertebrates in Silver Creek, 
Madison County, Kentucky. Trans. Ky. Acad. Sci., 
35: 61-66.
The boulder substrate was the most productive, followed 
by the rubble, with sand and gravel the least productive. 
Thirteen orders and 20 genera of bottom organisms were 
identified, but a few genera made up the bulk of the 
standing crops for each station. The data include pre­
channelization and postchannelization conditions. 
Standing crop for each station was similar before chan­
nelization, but afterwards the respective mean numbers 
declined.
Crossman, J.S., Cairns, J. and Kaesler, R.L. 1973. 
Aquatic invertebrate recovery in the Clinch River 
following hazardous spills and floods. Va. Poly­
tech. Inst. State Univ. Water Resour. Res. Cent. 
Bull., No. 63. 66 pp.
River was acutely stressed by two spills of hazardous 
material: (1) 1967- fluid from a fly-ash retaining
pond-extensive damage to biota, and (2) 1970- spill of 
sulfuric acid similar effects, but more restricted area. 
Both spills were from Appalachian Power Company's plant 
at Carbo, Va. In addition to the two acute spills, the 
environment has been stressed chronically by day to day 
plant operations and also, periodic flooding hits the 
area. Except for molluscs, the benthic macroinverte­
brate community had virtually recovered from 1967 spill 
by summer 1969. With the spill of 1970,—recovery was 
nearly complete by end of the summer (except molluscs). 
Flooding had a homogenizing effect on river fauna, it 
evened out most sections of the river as to species 
composition (more similar).
Cummins, K.W. 1974. Structure and function of stream 
ecosystems. Bioscience. 24: 631-641.
The basic features of stream ecosystem structure and
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function were established and various functional eco­
logical components and their interrelationships defined 
and initially dimensioned for some representative streams. 
Attention was focused on two apparently generalizable 
conditions in nonperturbated waters: the efficient con­
version of organic matter, especially particulates, to 
CO2 and the maintenance of a minor role played by in- 
stream plant growth. Three general management strate­
gies were presented: (1) changes in the physical nature 
of the running water system--light (e.g, artificial 
shading), temperature, aeration, POM retention char­
acteristics, etc., (2) changes in organic inputs, par­
ticularly particle size distribution; and (3) changes in 
the biota, for example shredder population densities.
Cummins, K.W., Klug, J.J., Wetzel, H.G., Peterson, R.C., 
Silverknopp, K.E., Manny, B.A., Wuycheck, J.C. and 
Howard, F.O. 1972. Organic enrichment with 
sucrose in experiments with ecosystems. Bio­
science, 22: 719-722.
The ability of streams to handle dissolved organic mat­
ter depends on the nature and absolute quantity of the 
material, input rate, and characteristics of the receiv­
ing stream. For biological diversity to remain equal 
to chemical diversity is important. Maximum drift (es­
sentially adult elmids and hydropsychids) was at maximum 
leachate levels.
Cummins, K.W. and Lauff, G.H. 1969. The influence of 
substrate particle size on the microdistribution 
of stream macrobenthos. Hydrobiologia, 34: 145- 
181.
Substrate microhabitat preferences of ten species of 
benthic macroinvertebrates were investigated in a lab­
oratory flowing water system and compared with prelim­
inary field data. The correspondence between field and 
laboratory data indicated primary microhabitat selection 
on the basis of substrate particle size by the stonefly 
Perlesta placida, the riffle beetle Stenelmis crenata 
and the caddis flies Py anopsyche guttifer and P. lepida. 
Broad substrate responses in the laboratory and lack of 
correspondence with field data indicated a secondary 
importance of substrate particle size in microhabitat 
selection by the pulmonate snail Helisoma anceps, the 
caddis fly Helicopsyche borealis, the cranefly Tipula 
caloptera, the alderfly Sialis Vagans and the mayflies 
Caenis latipennis and Ephemera simulans. Silting had 
minor effects on substrate selection patterns in all
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species tested except Caenis latipennis and Perlesta 
placida in which it enhanced selection for the inter­
sticies of coarse sediments.
Curry, L.L. 1954. Notes on the ecology of the midge 
fauna (Diptera: Tendipendidae) of Hunt Creek, Mont­
morency County, Michigan. Ecology, 35: 541-550.
All collections made were qualitative and based upon 
natural ecological areas along the stream, anmely beaver 
ponds, highlands, cedar swamp, and sedgemeadow. The 
fauna did not appear to be distributed along the stream 
according to the natural ecological areas selected, but 
individual species were restricted by current and bot­
tom type.
Egglishaw, H.J. 1964. The distributional relationship 
between the bottom fauna and plant detritus in 
streams. J. Anim. Ecol., 33: 463-476.
The fauna of riffles was significantly correlated with 
the distribution of the plant detritus in the riffle 
(Chironomidae). Distribution of Chloroperla torrentium 
was usually random and not related to plant detritus. 
Simulium spp. and Hydroptilidae were not related to the 
distribution of plant detritus.
Egglishaw, H.J. and Morgan, N.C. 1965. A survey of the 
bottom fauna of streams in the Scottish Highlands. 
Part II The relationship of the fauna to the chem­
ical and geological conditions. Hydrobiologia, 
26: 173-183.
The bottom fauna was much poorer in amount in streams 
having a concentration of less than 400 millielectrons 
of total cations/1 than in streams having 401—800 milli­
electrons of total cation/1. In the spring, streams 
having a concentration of more than 800 millielectrons 
of total cations/1 were not richer in number of animals 
than streams with 401-800 millielectrons of total cat­
ions/1.
Egglishaw, H.J. and MacKay, D.W. 1967. A survey of the 
bottom fauna in the Scottish Highlands. Part III 
Seasonal changes in the fauna of three streams. 
Hydrobiologia, 30: 305-334.
The paper deals with seasonal changes in the composition
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and amount, by number and weight, of benthic organisms 
in riffles of three streams of different character 
(Shelligan Burn, River Almond, Allt dos Mhuicarain). 
Of the three streams the Shelligan Burn has the richest, 
and Allt dos Mhuicarain the poorest, chemical compo­
sition and surrounding vegetation. The River Almond 
has similar surroundings to Allt dos Mhuicarain but con­
tains a much greater concentration of dissolved ions. 
The fauna of the River Almond was similar in composition 
but quantitatively less than that of the Shelligan Burn. 
Allt dos Mhuicarain usually had less dense populations 
of the species present in the Shelligan Burn and River 
Almond. Some differences between the faunas of the 
streams can be attributed to differences in the chemical 
composition of the streams and special features of Allt 
dos Mhuicarain.
Gale, W.F. 1975. Bottom fauna of a segment of Pool 19, 
Mississippi River, near Fort Madison, Iowa, 1967- 
1968. Iowa State J. Sci., 49: 353-372.
More than 80% of the organisms collected were Sphaerium 
transversum, with a mean of about 40,000/m2. S. trans­
versum was absent only on bare rock or sandy shores 
subject to wave action. Of the insects Hexagenia spp., 
because of their size, are most important as fish and 
duck food. Standing crops of benthos ranged up to 
11,000kg/ha in summer, a high biomass compared to other 
areas. Changes in biomass generally reflected changes 
in the standing crop of S. transversum. Total organ- 
isms/m2 were maximum in fall. Standing crops of inver­
tebrates in coves were extremely low and appeared to have 
been suppressed by fish predation.
Gaufin, A.R., Clubb, R. and Newell, R. 1974. Studies 
on the tolerance of aquatic insects to low oxygen 
concentrations. Great Basin Nat., 34: 45-59.
An evaluation of the average minimum dissolved-oxygen 
requirements of the different groups of aquatic insects 
tested indicates that the mayflies are the most sensi­
tive, that the stoneflies are next, and that the caddis­
flies, freshwater shrimp, true flies, and damsel flies 
follow in that order. While two species of mayfly could 
tolerate as low a dissolved-oxygen concentration as 
3.3 mg/l for 10 days, a level of 4.6 mg/l was required 
for 50 percent survival at 30 days. Fifty percent of 
the true flies and damselflies tested were able to sur­
vive at levels ranging from 2.2 to 2.8 mg/1 for periods 
from 20 to 92 days.
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Gerchakov, S.M., Rooth, C.G.H., Segar, D.A. and Stearns, 
R.D. 1973. Rapid delineation of the mean plume 
intensity pattern from the sediment temperature 
underlying a thermal discharge. Bull. Mar. Sci., 
23: 396-509.
Heat conduction process of bottom sediment tends to 
generate a vertical temperature distribution which de­
creases with time and depth in sediment. Normal ther­
mal discharge is often variable in both location and 
intensity, therefore a bottom sediment temperature 
yields a more reliable estimate of sustained thermal 
stress on benthic communities than instantaneous obser­
vations of the water column.
Hendricks, A., Henley, D., Wyatt, J.T., Dickson, K.L. 
and Silvey, J.K.G. 1974. Utilization of diversity 
indices in evaluating the effect of a paper mill 
effluent on bottom fauna. Hydrobiologia, 44: 463- 
474.
In the Lower Sabine River, by Orange, Texas, the ef­
fluent did not disturb the bottom fauna in the proxim­
ity of the mill, however lower flow periods might cause 
trouble in the Sabine Lake estuary. The natural river 
environment was the probable cause of the reduced di­
versity of the bottom fauna because of high and low 
periodic flows, heavy organic loads, intermittent in­
undation by salt water, coarse sandy bottoms, periodic 
decreased oxygen level and lack of diverse habitat.
Hoopes, R.L. 1974. Flooding, as the result of Hurri­
cane Agnes, and its effect on a macrobenthic com­
munity in an infertile headwater stream in central 
Pennsylvania. Limnol. Oceanogr., 19: 853-857.
Hurricane Agnes in June 1972 resulted in a 150-fold in­
crease in the discharge of Burns Run, Pennsylvania. A 
22.7 m3 sec. peak discharge severly depressed the ben­
thic community, which had however recovered by October 
1972.
Hubert, W.A. and Krull, J.N. 1973. Seasonal fluctu­
ations of aquatic macroinvertebrates in Oakwood 
Bottoms Greentree Reservoir. Am. Midi. Nat., 90: 
177-185.
Oakwood Bottoms Greentree Reservoir is managed so as to 
attract waterfowl. A large variety of macroinvertebrates
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occur at Oakwood, with populations in permanent water 
areas distinctly different from populations in areas 
with temporary water conditions. The greatest number 
and biomass of invertebrates occurred from November to 
April with fingernail clans, amphipods, isopods and 
pulmonate snails predominating. Sufficient quantities 
of macroinvertebrates are present to serve as a signif­
icant food source for waterfowl utilizing the Reservoir 
during spring and autumn migrations.
Hughes, B.D. 1975. A comparison of four samplers for 
benthic macroinvertebrates inhabiting coarse river 
deposits. Water Res., 9: 61-69.
Four methods of taking quantitative samples of benthic 
invertebrates were compared, (Surber sampler, box samp­
ler, electric shock sampler and the artificial substrate 
sampler). The four sampling methods gave different 
results with regard to population density, species den­
sity, community structure, and intersample variability. 
Samples taken by the artificial substrates contained the 
most animals, the most species and gave the most consis­
tent results; those taken by the electric shock sampler 
contained fewer animals and species, and gave the least 
consistent results. Problems with these samplers were 
failure for the artificial substrate to present a con­
dition resembling the surrounding river bed, and the 
selectivity of the electric shock method for some groups, 
(especially Ephemeroptera), respectively. The Surber 
and box samplers gave results which were in close agree­
ment, (suggests the escape by aquatic organisms when 
using the Surber sampler may not be too serious), and of 
the four methods these two are considered the most suit­
able for studies on community structure.
Hynes, H.B.N. 1970. The ecology of stream insects. 
Annu. Rev. Entomol., 15: 25-42.
An extensive review of stream macroinvertebrates cover­
ing the period of time from his The ecology of running 
waters 1966 until late 1969. Review includes geographic 
regions and considerations, chemical and physical param­
eters, food habits, life histories including drift and 
flooding. An extensive literature cited section is 
included.
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Hynes, H.B.N., Kaushik, N.K., Lock, N.A., Lush, D.L., 
Stocker, Z.S.J., Wallace, R.R. and Williams, O.D. 
1974. Benthos and allochthonous organic matter in 
streams. J. Fish. Res. Board Can. 31: 545-553.
Sampling of artic streams revealed that chironomid lar­
vae comprised 70-80% of the numbers in the benthos and 
that their rate of drift did not vary with the time of 
day. Life history studies of stream invertebrates have 
demonstrated clear seasonal patterns in Canada. After 
the experimental application of the blackfly larvicide 
Methoxychlor to two rivers, a catastrophic drift of 
invertebrates occurred and larvicide residues were de­
tected up to 8 weeks after application. Work on the 
decomposition of autumn-shed leaves in water included 
the responses to temperature and to additional nutrients 
(N and P). The effect of nutrient addition was to in­
crease the amount of nitrogen in the leaf after incuba­
tion, but temperature affected only the rate of decom­
position. A considerable portion (up to 40%) of the 
autumn-shed leaf is water-soluble, and the way in which 
it is made available to stream animals is by formation 
of organic/metal complexes.
Idyll, C.P. 1943. Bottom fauna of portions of the 
Cowichan River, B.C. J. Fish. Res. Board Can., 
6: 133-142.
This report summarizes the results obtained from stud­
ies made in a biological survey of the Cowichan River 
system on Vancouver Island, British Columbia, by the 
Fisheries Research Board of Canada during the months of 
May to August, inclusive, of 1938, 1939, and 1940. The 
yields per square meter computed as (1) average net 
weight and (2) number of organisms were: pool—36.91 
gl. , 745; riff les —14.60 g., 1061; creek—8.25 g., 536. 
Vegetation is the most productive type of habitat, fol­
lowed by mud, rubble, gravel bottom. The river may be 
designated as a "Tricoptera stream". No close corre­
lation was found between number of organisms in bottom 
fauna and number in trout stomachs, thus suggesting 
discrimination among trout for food organisms.
Jeane, C.S. and Pine, R.E. 1975. Environmental effects 
of dredging and soil disposal. J. Water Pollut. 
Control Fed., 47: 553-561.
The water surrounding the dredging area increased in 
conductivity, turbidity and temperature. Secchi disk 
measurements decreased as did dissolved oxygen. Hydrogen
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ion concentration remained about the same throughout 
the study. The dredging activity did not cause signif­
icant mortalities to juvenile Chinook salmon, but it 
did cause a change in the species composition of ben­
thicmacroinvertebrates and also a reduction in the num­
ber of species present in the area.
Koslucher, D.G. and Minshall, G.W. 1973. Food habits 
of some benthic invertebrates in a northern cool­
desert stream (Deep Creek, Curlew Valley, Idaho- 
Utah). Trans. Am. Microsc. Soc., 92: 441-452.
The food habits of several important species of inver­
tebrates inhabiting a northern cool-desert stream were 
studied on a seasonal basis. The foods eaten were quan 
tified according to frequency of occurrence and were 
compared with potential foods available in the environ­
ment. Of eight invertebrate species studied in detail, 
five were herbivores, feeding mainly on diatoms and 
detritus: Hyalella azteca (Amphipoda), Baetis tricau­
datus and Tricorythodes minutus (Ephemeroptera), Hydro­
psyche occidentalis (Trichoptera), and Simulium argus 
(Diptera). Three others, Argia vivida, Enallagma anna, 
and Ophiogomphus severus (Odonata), consistently were 
carnivorous. There were no evident differences between 
size of the animals and the kinds of foods eaten nor 
between time of the year and diet. In general the in­
vertebrate animals of Deep Creek were essentially op­
portunistic.
Langford, T.E. 1971. The distribution, abundance and 
life-histories of stoneflies (Plecoptera) and may­
flies (Ephemeroptera) in a British River, warmed 
by cooling-water from a power station. Hydro­
biologia, 38: 339-377.
The River Severn at Ironbridge is warmed by cooling­
water from Ironbridge "A" power station. Water temp­
eratures over the years 1965-1967 were raised by values 
ranging from 0.5 to 7.2°C above ambient. The river at 
all three stations was fast flowing and normally fairly 
shallow with a stony substratum. The water was alka­
line with B.O.D. values of 0.9—5.0 ppm. There were no 
significant chemical changes from "A" to "B". Distri­
bution of nymphs changed with river level and season. 
Species found commonly in the marginal grasses were 
those most active and common in invertebrate drift.
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Larimore, R.W. 1974. Stream drift as an indication of 
water quality. Trans. Am. Fish. Soc., 103: 507- 
517.
Numbers and weights of both drift and benthos followed 
similar quantitative relations with water quality, gen­
erally increasing with water degradation. The relative 
abundance of benthos greatly exceeded that of the drift 
at the most polluted station where tubificids, which 
infrequently drift, were abundant. A greater variety 
of organisms occurred in the drift than in the benthos. 
Drifting organisms came from a wider spectrum of habi­
tats and were collected with less effort than benthic 
forms that seldom leave the stream bottom.
Lehmkuhl, D.M. 1972. Change in thermal regime as a 
cause of reduction of benthic fauna downstream of 
a reservoir. J. Fish. Res. Board Can., 29: 1329- 
1332.
The kinds and numbers of Ephemeroptera and other insects 
in the Saskatchewan River are greatly reduced downstream 
of a dam. This is attributed to changes in river temp­
eratures caused by the reservoir. The river is warmed 
in winter and cooled in summer. Consequently, mayflies 
and other insects with strict thermal requirements can­
not hatch and grow successfully. The effect is evident 
70 miles downstream.
Lehmkuhl, D.M. and Anderson, N.H. 1972. Microdistri­
bution and density as factors affecting the down­
stream drift of mayflies. Ecology, 53: 661-667.
During high volume of flow in a stream that has consid­
erable seasonal fluctuation, the microdistribution of 
five species of mayflies was determined by displacement 
of individuals by drift from rapid current areas to 
those with gentle or no current. The major effect of 
drift was dispersal, not depletion, of the mayfly pop­
ulation. Occurrence in drift is determined by a 
species-specific complex of interdependent factors in­
cluding life cycle, microdistribution, and the behav­
ioral characteristic of individual species.
Loehr, R.C. 1974. Characteristics and comparative 
magnitude of non-point sources. J. Water Pollut. 
Control Fed., 46: 1849-1872.
Certain potential pollution sources have been considered
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as natural and generally uncontrollable, and assumed to 
be small when compared to point sources (municipal and 
industrial waste discharges). Non-point sources are 
precipitation, groundwater, sediments, direct animal 
(and insect) contributions, nitrogen fixation, urban 
drainage, rural land, crop land, cattle pens, and fer­
tilizers. Non-point sources characteristics: (1) those 
uncontrollable or not needing control--precipitation, 
unmanaged forest land runoff, range land runoff; (2) 
those possibly needing control, crop land runoff; run­
off from land receiving manure, crop land title drain­
age, irrigation return flows; (3) those requiring con­
trol-urban land runoff, manure seepage and feedlot. 
Control by using appropriate management (conservation) 
practices especially agricultural sources.
Mathis, B.J. and Dorris, T.C. 1968. Community struc­
ture of benthic macroinvertebrates in an intermittent 
stream receiving oil field brines. Am. Wild. Nat., 
80: 428-434.
Physicochemical conditions and community structure of 
benthic macroinvertebrates in an oil-field-brine-pol­
luted stream in Oklahoma were studied from October 1963 
to September 1964. Turbidity varied inversely with 
conductivity and was lowest where brines were more 
highly concentrated. Numbers of species varied from 31 
at stations below the outfall to 55 at the farthest 
downstream station. Faunal assemblages were dominated 
by three families of insects: Tendipedidae, Simulidae, 
and Hydropsychidae. Maximum numbers of species occurred 
at the extreme downstream station. Information theory 
methods were used to evaluate community structure of 
benthic macroinvertebrates.
McGary, J.L. and Harp, C.L. 1972. The benthic macro­
invertebrate community of the Greer's Ferry Reser­
voir cold tailwater, Little Red River, Arkansas.
This Ozark stream is characterized by cold and non- 
turbid water, and periodic drastic vacillation of water 
level, the results of a deep water discharge for hydro­
electric generation. For these reasons the benthic 
macroinvertebrate community is qualitatively limited. 
Most physicochemical characteristics measured were found 
not limiting, except water temperature and current ve­
locity. Longitudinal zonation was characterized by an 
increase in diversity downstream. Overall dominant 
organisms numerically were oligochaetes, chironomids
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and Isopoda. Oligochaetes composed 62-79% of pool 
organisms collected. Isopods dominated riffles with 
37-81% of organisms collected. Chironomids were usually 
the second most abundant in riffles and pools.
Nebeker, A.V. 1971. Effect of high winter temperatures 
on adult emergence of aquatic insects. Water Res,, 
5: 777-783.
The larvae of 10 species of aquatic insects (Trichop­
tera, Plecoptera, Ephemeroptera, and Diptera) were sub­
jected to unseasonably high winter water temperatures 
in the laboratory from November through July. The 
stonefly Pteronarcys dorsata and the burrowing mayfly 
Hexagenia limbata emerged in January, 5 months earlier 
than their natural June emergence time. All other test 
species exhibited similar premature emergence under 
test conditions. The time between emergence of males 
and females was increased by increased water tempera­
tures.
________ . 1971. The effect of water temperature on nym­
phal feeding rate, emergence and adult longevity 
of the stonefly Pteronarcys dorsata, J. Kans. 
Entomol. Soc., 44: 21-26.
The optimum and limiting temperatures for nymphal feed­
ing were 20°C, and 1°C and 35°C respectively. Adults 
that emerged at 10°C lived twice as long as those that 
emerged at 20°C. No emergence at temperatures of 5°C 
and 25°C. The best egg production occurred at 15°C.
________ . 1971. The effect of temperature at different 
altitudes on the emergence of aquatic insects from 
a single stream. J. Kans. Entomol. Soc., 44: 26- 
35.
Water temperatures have a direct effect on the emer­
gence time of aquatic insects. There was from a four 
to a six month difference in emergence between lower to 
higher elevations. Three main types of emergence pat­
terns were noted in this study; (1) where temperature 
was the main influence, even though photoperiod may be 
initial stimulus, (2) where photoperiod was the main 
regulation, and (3) where the photoperiodic stimulus is 
modified, emergence is delayed by colder temperatures.
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________ . 1972. Effects of low oxygen concentration on 
survival and emergence of aquatic insects. Trans. 
Am. Fish. Soc., 101: 675-679.
Safe concentrations of dissolved oxygen for survival 
and adult emergence of larvae of nine species of aquatic 
insects, including mayflies, stoneflies, caddisflies, 
and midges, ranged from 0.6 mg/liter for the midge 
Tanytarsus dissimilis to slightly less than saturation 
for the emergence of Ephemera simulans (18.5C). All 
species tested were less tolerant of low oxygen concen­
trations for 30 days than for 96 hours (90% of E, 
simulans survived 4 mg/liter for 96 hours, but no adults 
emerged successfully). Long-term studies are essential 
for the accurate assessment of oxygen stress in aquatic 
insects.
Pearson, W.D. and Kramer, R.H. 1972. Drift and produc­
tion of two aquatic insects in a mountain stream. 
Ecol. Monogr., 24: 365-385.
The relationships between drift rates, population den­
sity, production rates, key environmental factors, and 
movements of adults were studied in two populations of 
stream insects, the caddisfly Oligophlebodes sigma and 
the mayfly Baetis bicaudatus. Drift rates of 0. sigma 
larvae were greatest when biomass in the benthos and 
production were greatest. Discharge, distance below the 
spring source of Temple Fork, and densities of competing 
aquatic insects were other factors of significance in the 
multiple-regression analyses of factors affecting drift 
rates of the two insects. Adult 0, sigma (but not B. 
bicaudatus) undertook a definite upstream migration es­
timated at 2-3 km. This flight of adults resulted in a 
concentrated deposition of eggs in the upper reaches of 
the stream. The advantage of the upstream flight may 
be that it stores reproductive products in areas where 
they are relatively safe from effects of anchor ice 
during winter and of floods in late winter and early 
spring.
Prophet, C.W. and Edwards, N.L. 1973. Benthic macro­
invertebrate community structure in a great plains 
stream receiving feedlot runoff. Water Resour. 
Bull., 9: 583-589.
The effect of feedlot runoff on the environmental qual­
ity of the Cottonwood River in east central Kansas was 
evaluated by analysis of community structure of benthic 
macroinvertebrates using the species diversity index
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(d). The benthic fauna along the study reach was dom­
inated by mayflies, caddisflies, midges, riffle beetles, 
and the pelecypod, Sphaerium, The mean d per station 
indicated the river was subject to moderate environ­
mental stress, and d’s of those stations immediately 
downstream from feedlots were significantly lower than 
the 3 at the control station. There was a significant 
increase in 3's during the 1970-71 segment of the study, 
following the closing of two feedlots. The results in­
dicate periodic feedlot runoff had a continuing adverse 
affect on the environmental quality of the river, but 
recovery was rapid as the organic load on the river was 
reduced.
Rempel, J.G. 1936. The life-history and morphology of 
Chironomus hyperboreus, J. Biol. Board Can., 2: 
209-221.
In lakes of Saskatchewan, adults emerge in late May and 
early June. Eggs, deposited over lake surface, sink to 
bottom. Larvae in soft bottom ooze (10-20 M. depth) 
grow rapidly in late summer, but little during rest of 
year. Four larval instars and a two-year-life-cycle 
occurs in this species. Larva and pupa described and 
additions made to previous descriptions of the adult.
Resh, V.H. and Unzicker, J.D. 1975. Water quality 
monitoring and aquatic organisms: The importance 
of species identification. J. Water Pollut. Con­
trol Fed., 47: 9-19.
Approaches to monitoring are: (1) analysis of macroin­
vertebrates and the benthic community structure, com­
position and organism with the use of diversity indices, 
and (2) the use of macroinvertebrates as indicator or­
ganisms. In both cases the normal use of taxonomic 
groups of family or higher is in general use. However, 
often species and genera within a family vary widely in 
their tolerance to pollution and other natural environ­
mental parameters. The greatest need is to associate 
relevant larvae with their adult forms and for the col­
lections, from previous studies, to be deposited in a 
museum or university collection.
Robison, H.W. and Harp, G.L. 1971. A pre-impoundment 
limnological study of the Strawberry River in 
northeastern Arkansas. Proc. Arkansas Acad. Sci., 
25: 70-79.
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Two collecting stations were established one upstream 
which would not be inundated and a lower station which 
would be inundated when impoundment was complete. The 
Strawberry River was characterized by high alkalinity 
and pH, low carbon dioxide and turbidity, and adequate 
oxygen values. Chironomidae, Oligochaeta and Ephemer­
optera were dominant pool macroinvertebrates. Of the 
taxa collected in riffles Trichoptera, Ephemeroptera, 
Simuliidae and Chironomidae were the most numerous. 
Longitudinal zonation was characterized by an increase 
in species and numbers of pool benthic macroinverte­
brates from headwater to downstream areas.
Simmons, G.M., Jr. and Reed, J.R., Jr. 1973. Mussels 
as indicators of biological recovery zone. J. 
Water Pollut. Control Fed., 45: 2480-2493.
In Virginia, Contrary Creek was the site of extensive 
mining 1882-1920, sulfuric acid from tailings is still 
evident. Mollusca, approximately 30% of fauna above 
entrance of creek, are not re-established below, even 
though it has constant reintroduction from tributary 
streams. Although colonization sites do exist the acid 
mine drainage has depleted much of the vegetation in 
the river bottom. Extensive erosion and sedimentation 
has resulted. The insect community re-established it­
self quickly after confluence of North Anna River and 
Contrary Creek. Diversity indices showed a recovery 
zone due to aquatic insect recovery, but because of 
higher sensitivity to pollution the molluscs should be 
used to mark the area of full recovery. The sequential 
comparison index was just as reliable as the diversity 
index based on Information Theory in regard to placing 
index numbers on a given community.
Spence, J.A. and Hynes, H.B.N. 1971. Differences in 
benthos upstream and downstream of an impoundment. 
J. Fish. Res. Board Can., 28: 35-43.
Pronounced differences were found in the macroinverte­
brate riffle fauna upstream and downstream of a flood 
control impoundment. Downstream differences were com­
parable with those occurring after mild organic enrich­
ment. Plecoptera were absent, but numbers of Baetis 
and Caenis (Ephemeroptera) increased, and the abundance 
and number of species of Stenonema were considerably 
reduced. Numbers of Chironomidae, Simuliidae, Coleop­
tera and Hydropsychidae increased downstream. These 
changes are associated with downstream increase in the 
availability of detritus, a lag of about 4 weeks in the
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early summer rise in water temperature and a maximum 
temperature more than 6 degrees C lower than upstream, 
and alteration of other environmental factors.
Stanford, J.A. and Gaufin, A.R. 1974. Hyporheic com­
munities of two Montana rivers. Science, 185: 700-
702 .
Collections of stream organisms from a domestic water 
supply adjacent to the Tobacco River revealed that a 
detritus-based community exists in subterranean waters 
circulating through floodplain gravels at least 4.2 
meters below and 50 meters laterally from the river 
channel. Several stonefly species spend their entire 
nymphal life cycles in underground habitats of the 
Flathead and Tobacco Rivers.
Stickney, Robert R. and Perlmutter, Daniel. 1975. 
Impact of intracoastal waterway maintenance dredg­
ing impact on a mud bottom benthos community. 
Biol. Conserv. 7: 211-226.
Investigation of hydraulic dredging on the benthic fauna 
in Georgia in the Atlantic Intra Coastal Waterway. The 
authors found a complete displacement of the benthic 
community was caused by dredging. Within several months 
they note recolonization of the area has occurred. 
Possible colonizing effects of bank slumping and migra­
tion of adult forms are discussed.
Sublette, J.E. 1956. Seasonal changes in bottom fauna 
of an Ozark headwater stream (Clear Creek, Washing­
ton County, Arkansas). Southwest Nat., 1: 148-156.
The physico-chemical features of Clear Creek, a headwater 
stream in Northwestern Arkansas, did not differ much 
from those described for limestone area streams in other 
parts of the U.S. The bottom fauna was dominated by 
insects. The rather low fall standing crop gradually 
increased until in late winter at which time the max­
imum occurred. This large standing crop was then. 
abruptly reduced by the erosional effects of flood 
waters. Following flooding, the relative composition of 
the standing crop was altered, apparently as a direct 
result of certain members being able to better with­
stand the erosional conditions.
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Trotsky, H.M. and Gregory, R.W. 1974. The effects of 
water flow manipulation on the bottom fauna of the 
Upper Kennebec River, Maine. Trans. Am. Fish. 
Soc., 103: 318-324.
Studied the effect of severe fluctuations in flow on the 
distribution of bottom fauna of the upper Kennebec River. 
Slow currents resulting from low flows appeared to limit 
the diversity and abundance of swift-water aquatic in­
sects on the river-bottom below the dam. Sampling sta­
tions above the impoundment averaged 19 aquatic insect 
genera, while those below the dam averaged 11. Aquatic 
insects adapted for swift water were more abundant above 
the impoundment than below, and were absent from those 
stations below the impoundment with the lowest current 
velocity.
Waters, T.F. 1961. Standing crop and drift of stream 
bottom organisms. Ecology, 42: 532-537.
The distribution of rates of drift of invertebrate an­
imals among five Minnesota trout streams compared fav­
orably with a ranking of expected productivities made 
on the basis of surrounding geology, water alkalinity, 
and available trout population data. The distribution 
of standing crops of the bottom fauna among the five 
streams was not at all similar to the ranking of ex­
pected productivities nor to the distribution of drift 
rates, until the standing crop samples were qualitat­
ively limited to groups of organisms having similar 
longevities. When the standing crop samples were lim­
ited only to those organisms having two or more gen­
erations per year, the distribution was similar to the 
ranking of expected productivities and remarkably close 
to the distribution of drift rates.
Woodall, R.W. and Wallace, J.B. 1972. The benthic 
fauna in four small southern Appalachian streams. 
Am. Midi. Nat., 88: 393-407.
The kinds of organisms in the four streams were gener­
ally similar but their relative importance varied sig­
nificantly. The old-field stream had the greatest 
abundance while the coppice stream had the greatest 
standing crop of biomass. The white pine stream had 
lowest standing crops of both numbers and biomass.
Most of the differences among watersheds were attributed 
to different inputs of allochthonous detritus.
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Inventory with Code Numbers
Substrate particle size:
mud 
silt 
very fine sand 
medium sand 
coarse sand 
very coarse sand 
granule 
pebble 
cobble 
boulder
Substrate sample size:
0010 
0011 
0013 
0014 
0015 
0016 
0017 
0018 
0019 
0020
0021
Other components of substrate:
thread
metal
plant 
wood
0001
0002
0003
0004
Plumatella
Hydra
Draspedacusta sowerbyi 
Dugesia
Aelosoma
A. beddardi
A. niveum 
Ophidonais 
O. serpentina 
Ilydrilus 
Tubifex
T. tubifex 
Mozobdella 
M. moorei 
Helobdella 
Holopedium
H. anazonicum 
Diaphanosoma 
Coriodaphnia 
Daphnia 
Orconectes 
O. limosus 
Macrobrachium 
M. acanthurus 
Procambaras
1010 
1020 
1031 
1310 
2010 
2011 
2012 
2020 
2021 
2030
2340
2341
2420
2421 
2430
3110
3111 
3120 
3130 
3140
3210
3211 
3220 
3221 
3230
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Inventory with Code Numbers (continued)
236
P. gracilis 3231
Palaemonetes 3240
P, kidiakensis 3241
P. vulgaris 3242
P. paludosis 3243
Gammarus 3330
Isopoda 3400
Diaptomus 3510
D. mississippiensus 3511
Eucyclops 3610
E. agilis 3611
Calanoid copepoda 3500
Cyclopoid copepoda 3600
Ostracoda 3611
Hygrobatidae 4000
Hydrachna 4110
Neumania 4120
Limnesia 4130
Perlinella 4210
P. drymo 4130
Hexagenia 5010
Ephemeroptera 5000
Heptageniidae 5100
Caenis 5020
Pentagenia 5030
Stenonema 5040
Ischnychia 5050
Cordulegasteridae 6500
Hydropsychidae 6200
Argia 6010
Coenogrionidae 6100
Pantala 6020
Macromia 6030
Gomphus 6040
Hyponeura 6050
H. lugens 6051
Polycentropus 6210
Cheumatopsyche 6220
Hydropsyche 6230
Psychomyia 6240
Smicridea 6250
Mollanna 6260
Leptocercus 6270
L. americanus 6271
Hydroporinae 6310
Staphylinidae 6320
Pylodactelidae 6330
Stilobezzia 7110
Bezzia, Probezzia 7120
Inventory with Code Numbers (continued)
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Chaoborus 
Culicoides 
Who's it larvae 
Diptera 
Culicidae
Phaenopsectra 
Chironomus 
Cryptochironomous 
Polypedium 
Kiefferulus 
ConstempeIlina 
Xenochironomus 
Dicrotendipes 
Einfeldia 
Glyptotendipes 
Paratendipes 
Rheotany tarsus 
ParacladopeIma 
Coelotanypus 
Procladius 
Psectrotanypus 
Ablabesmyia 
Panypus 
Potthastia 
Brillia 
Smittia
EukieffereIla 
Psectrocladius 
Trichocladius 
Cricotopus
Unident (4 "ant") 
Chironominae 
Tanypodinae 
Diamesinae 
Orthocladinae 
Chironomidae 
Chironomini 
Tanytarsini 
Tipulidae 
Gundlachia 
Ferrissia 
Ancylus ?
Amphigyra alabamensis 
Helisoma 
Gyraulus 
Bithinia 
Amnicola 
Anodonta 
Proptera
7210
7300
7301 
7000 
7200 
8010 
8110 
8120 
8150 
8160 
8170 
8180 
8190 
8220 
8230 
8240 
8250 
8260 
8410 
8420 
8430 
8440 
8450 
8510 
8610 
8620 
8630 
8640 
8650 
8660 
8700 
8100 
8400 
8500 
8600 
8000 
8800 
8900 
7300 
9110 
9120 
9130 
9141 
9210 
9220 
9310 
9320 
9410 
9420
Inventory with Code Numbers (continued)
Corbiaula (1 mm)
Corbicula (2-4 mm)
Corbicula (5-7 mm)
Corbicula (greater than 8 mm) 
Pisidium
Sphaerium
S. striatinum
S. fabale
Sphaerium (1 mm)
Sphaerium (2-4 mm)
Sphaerium (5-7 mm)
Sphaerium (greater than 8 mm)
Tardigrada
Pelecypoda
Nematoda
Nematoda (R)
Piesiopora
Oligochaeta
ErpobdeIla
Unionidae
Amnicolidae
Odonata
Phylocentropus
Coleoptera 
Hydrophilidae 
Turbellaria 
Diplectrona 
Parachironomus
Simuliidae
Pentaneurini 
Micropsectra 
Cryptoaladopelma 
Stictochironomus 
Harnischia
9450
9451
9452
9453 
9610
9620
9621
9622
9623
9624
9625
9626 
9700 
9800 
1200 
1100 
2000 
2100 
2440 
9400 
9300 
6000 
6280 
6300 
6340 
1300 
6290 
8130 
7600 
8441 
8910 
8810 
8820 
8020
Legend:
1000
2000
3000
= Bryozoa 
Coelenterata 
Turbellaria 
Nematoda
= Oligochaeta 
Hirudinea
= Cladocera 
Decapoda 
Amphipoda
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Inventory with Code Numbers (continued) 
Legend (continued):
3000 = Isopoda 
Copepoda 
Ostracoda
4000 - Hydracarina 
Plecoptera
5000 - Ephemeroptera
6000 = Odonata 
Trichoptera 
Coleoptera
7000 = Diptera, other than 
Chironomidae
8000 = Chironomidae
9000 - Gastropoda 
Pelecypoda
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APPENDIX TABLE 1
Original study stations and designated sites chosen in February 1974 by Meyer and Schmitz
STATION STATION NAME STATION SITE R.M. LOCATION OTHER
1
2
3
4
5
6
7
Ozark
Dardanelle
Dardanelle
Dardanelle
Pool 9
Pool 8
Pool 8
1
2
3
4
1
2
3
4
1
1
2
3
4
1
2
3
4
1
2
3
4
1
2
3
284
283
281.8
282.7
249
249
248
246.3
238
205.7
205
203.7
201.8
190.3
188.8
187.4
185.9
172
171
168.4
156
155.6
154
MC
MC
MC
R (R)
MC
In creek*
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
fish sample area* 
fish sample area* 
above lock and dam* 
below lock and dam* 
in Petit Jean River* 
below P.J. River inlet*
above paper mill discharge* 
at paper mill discharge
below paper mill discharge*
above lock and dam*
below lock and dam*
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APPENDIX TABLE 1—continued
STATION STATION NAME STATION SITE R.M. LOCATION OTHER
8
9
10
11
12
13
Murray
Murray
D.D. Terry
Pool 5
Pool 4
1
2
3
4
5
1
2
3
4
1
2
3
4
5
1
2
3
4
1
2
3
4
1
2
3
151
149
147.2
147
146
125.5
125.1
123.8
122.9
108.4
107.8
106.4
104.5
101
86.6
86
85.5
84.9
71.5
71.4
71
70.4
66
65.5
64
MC
MC
MC
In Fourche
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
MC
R (R)
MC
MC
MC
MC
above Taylor Creek*
below Taylor Creek* 
le Fave River*
below F. le Fave River inlet
above lock and dam*
below lock and dam*
above sewage outflow at Shilcutt
above sewage outflow at Shilcutt
above lock and dam*
below lock and dam*
public use area*
above lock and dam*
below lock and dam*
entrance to Lake Langhofer*
Lank Langhofer
below Lake Langhofer
above lock and dam*
below lock and dam*
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APPENDIX TABLE 1—continued
STATION STATION NAME STATION SITE R.M. LOCATION OTHER
14 Pool 2 1
2
3
4
5
6
7
8
9
10
11
12
13
50.3
49.8
48.5
47
45.4
44.3
42
29
28
26
23.2
22
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC 
MC
above lock and dam* 
below lock and dam*
*
*
*
above Pendleton Revetment* 
below Pendleton Revetment*
MC = midchannel
R = right bank (facing downstream)
(R)= behind revetment
* = sites eliminated from actual collection stations
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APPENDIX TABLE 2
Comparison of originally chosen stations
and designated sites with stations
and designated sites actually used in the present study
STATION UPSTREAM CHANGE DOWNSTREAM CHANGE
Direction Amount Direction Amount
1
2
3
4
5
6
7
8
9
10
11
12
13
0
1.0 mi.
1.0 mi.
0
5.7 mi.
1.3 mi.
1.0 mi.
1.0 mi.
4.0 mi.
1.1 mi.
.9 mi.
1.1 mi.
.5 mi.
4.3 mi.
+
0
+
+
.3 mi.
.7 mi.
0
2.3 mi.
2.1 mi.
1.6 mi.
. 5 mi.
0
1.1 mi.
6.0 mi.
.1 mi.
.4 mi.
21.3 mi.
2 45
APPENDIX TABLE 3
Summary of some studies showing apparent relation of current to orientation and movement of benthic organisms*
Organism
Stream, geog. 
location
direction of 
animal's movement
rate of animal's 
movement
seasonal 
condition, etc.
water or 
land author date
Dugesia 
dorotocephala 
(flatworm)
North 
America upstream summer water
Rawlinson
Harker
Macan
Leonard & Leonard
1939
1953 
1957b
1962
Crenobia alpina
(European 
flatworm)
upstream
when warm and/or 
when animals are 
ready to breed
water Beauchamp 1933, 1935
1937
downstream when animal is 
spent, hungry
Gammarus 
bousfeldi 
(amphipod)
Doe Run, Meade 
Co., Kentucky
upstream 5 meters in 1/2 hour water Minckley, A.L. 1964
Gammarus 
fasciata 
(amphipod)
New Mexico upstream spring water Noel 1954
Gammarus 
puled 
(amphipod)
Europe upstream 3 kilometers in
4 yrs.
water Hynes 1962
Eriocheir 
sinensis 
(mitten crab)
China upstream as far 
as 1400 km. from 
sea
“regularly" travels
750 km. up Yangtze R.
breeds in 
brackish water Hynes 1962
Czechoslovakia upstream water Hosstlandt 1948
* Tabulated from Hynes, 1972.
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APPENDIX TABLE 3—continued
Organism
Stream, geog. 
location
direction of 
animal's movement
rate of animal's 
movement
seasonal 
condition, etc.
water or 
land author date
Pacifastacus 
klamantus 
(crayfish)
Oregon upstream 
and downstream
regular migrations water Black 1963
mites 
(arachnids) 
Lebertia 
tuberosa
streams in the 
Black Forest 
(Germany)
upstream —
at times when 
air temp. is 
high
water Schwoerbel 1959
nay flies 
stoneflies upstream air
Muttkowski 
Muller
1929 
1954f
Trichoptera 
Ephemeroptera 
Plecoptera  
Simulium ♀
a river in 
central Sweden
upstream, 
predominantly
carry eggs far 
upstream; even 
passing over lakes
esp. true of ♀
ready to oviposit air Roos 1957
Oligophebodes 
sigma 
(caddis fly)
mountain 
stream
upstream 2-3 km. (in a
season)
— air Pearson & Kramer 1972
Simulium — upstream — air assumed by 
Davies, et al 1962
Allocapnia 
pygmaea 
(stone fly)
North 
America
upstream winter (observed 
on the snow)
winter stoneflies 
and poss. spring 
species too
land Hynes 1962
Leptop elebia 
cupida 
(mayfly)
Manitoba upstream at least 1.6 km. 
at 200m./day
during "spring 
melt"
water Neave 1930
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APPENDIX TABLE 3—continued
Organism
Stream, geog. 
location
direction of 
animal's movement
rate of animal's 
movement
seasonal 
condition, etc.
water or 
land author date
Baetis similis 
(mayfly)
Europe, 
River Allier upstream at least 2 km.
after an excep­
tional drought water Verrier 1953
net-spinning 
Trichoptera Germany upstream (larvae) water Englehardt 1951
snails U.S. upstream 1.6 km/yr. when recovering 
after droughts
water Shelford 1937
Physa integra 
(snail) North America upstream — summer water Noel 1954
Potomatopyrgus 
jenkinsi (snail) — upstream "active" movement — water
Adam 
Biwards
1942
1962
Limnaea pereger 
(snail)
— upstream 2.4 km/yr. following elim, 
by pollution
water Hynes 1960
Campeloma 
decisum (large, 
heavy snail)
Michigan 
streams
upstream water Bovbjerg 1952h
1964
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APPENDIX TABLE 4
Percentages of communities of major groups 
for October 1974
STATION SITE GROUP %
1
2
3
4
1
2
3
1
2
3
4
1
1
2
8
8
8
7
8
4
5
7
8
5
6
7
8
5
7
8
6
7
8
1
5
6
7
8
1
2
5
6
7
8
100.0
100.0
100.0
80.0
20.0
9.0
37.0
45.0
9.0
12.0
14.0
53.0
21.0
88.0
4.0
8.0
4.0
12.0
84.0
1.0
2.0
2.0
5.0
90.0
5.0
1.0
10.0
17.0
13.0
54.0
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APPENDIX 
TABLE 4 —continued
STATION SITE GROUP %
4
5
6
3
4
1
2
3
4
1
2
3
1
3
4
5
6
7
8
6
7
8
7
8
1
3
7
8
1
4
5
6
7
8
1
5
6
7
8
1
7
2
4
7
8
7
8
2.0
2.0
1.0
2.0
40.0
7.0 
46.0
22.0
5.0
73.0
23.0
3.0
3.0
49.0 
45.0
12.0
5.0
2.0
33.0 
23.0 
25.0
8.0 
18.0 
38.0 
16.0 
20.0
15.0
85.0
30.0
8.0
8.0
54.0
9.0
91.0
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APPENDIX 
TABLE 4 —continued
STATION SITE GROUP %
6
7
8
9
4
1
2
3
4
1
2
3
1
2
3
2
7
8
7
8
1
6
8
8
1
4
7
8
1
4
7
8
2
7
8
3
7
8
4
7
8
1
4
7
8
5.0 
19.0 
76.0
10.0
90.0
25.0
25.0
50.0
100.0
9.0
1.0
10.0
80.0
7.0
1.0 
17.0 
75.0
7.0
14.0
79.0
33.0
33.0
34.0
1.0
5.0
94.0
2.0
2.0
1.0
95.0
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APPENDIX 
TABLE 4 —continued
STATION SITE GROUP %
9
10
11
4
1
2
3
4
5
6
1
2
3
4
1
4
8
2
4
7
8
8
1
8
1
7
8
1
4
7
8
4
7
8
8
1
4
5
7
8
4
7
8
5
8
3.0 
9.0 
88.0
6.0
10.0
6.0 
78.0
100.0
17.0
83.0
2.0
3.0 
95.0
5.0
5.0 
19.0 
71.0
3.0
7.0 
90.0
100.0
1.0
1.0
1.0
5.0
92.0
3.0
11.0
86.0
3.0 
97.0
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APPENDIX 
TABLE 4 —continued
STATION SITE GROUP %
12 1
2
3
4
1
2
3
7
8
1
7
8
7
8
3
7
8
8.0
.5
.5
2.0 
89.0
.5
.5
99.0
1.0 
99.0
.5
.5
99.0
13 1
2
3
5
6
7
1
4
7
8
8
3
7
8
2
4
5
7
8
8
3
8
3
8
13.0
13.0
37.0
37.0
100.0
8.0
8.0
84.0
76.0
1.5
.5
1.0
21.0
100.0
4.0
96.0
2.0
98.0
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APPENDIX 
TABLE 4—continued
Legend for Major Groups:
STATION SITE GROUP %
13 8
9
2
3
4
5
7
8
2
4
5
7
8
77.5
.5
3.0
1.0
8.0 
10.0
79.5
1.0
.5
8.0
11.0
1) Nematodes (round worms)
2) Oligochaetes (segmented worms)
3) Crustacea (copepods, Cladocera, isopods,
amphipods)
4) Other insects
5) Ephemeroptera (mayfly larvae)
6) Trichoptera (Caddis fly larvae)
7) Chironomidae (midge larvae)
8) Mollusca (snails, limpets, Corbicula,
’’pill clams")
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APPENDIX TABLE 5
Percentages of communities of major groups 
for January 1975
STATION SITE GROUP %
1 1
2
3
4
2
4
5
6
7
8
4
6
7
8
4
7
8
3
7
8
2.5
2.5 
20.0
6.0
4.0 
65.0
9.0 
38.0 
48.0
5.0
19.0
36.0
45.0
2.0 
75.0 
23.0
2 1
2
3
4
1
2
4
5
6
7
8
2
6
7
8
4
5
6
7
4
8
15.5
5.0
5.0
2.5
18.0
23.0
31.0
17.0
17.0
49.0
17.0
12.5
25.0
12.5
50.0
25.0
75.0
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APPENDIX
TABLE 5 —continued
STATION SITE GROUP %
3 1 7 6.0
8 94.0
4 1 6 4.0
7 41.0
8 55.0
2 7 50.0
8 50.0
3 2 13.0
4 6.0
6 6.0
7 29.0
8 46.0
4 4 20.0
7 80.0
5 1 1 1.0
4 2.0
6 1.0
7 2.0
8 94.0
2 4 33.0
7 67.0
3 3 .5
7 2.0
8 97.5
4 8 100.0
6 1 8 100.0
2 7 40.0
8 60.0
3 7 45.0
8 55.0
4
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APPENDIX 
TABLE 5 —continued
STATION SITE GROUP %
7
8
9
1
2
3
4
1
2
3
1
2
3
4
4
6
8
1
2
3
4
7
8
2
8
1
5
7
8
8
7
8
8
4
7
8
1
4
7
8
2
6
7
8
1
2
3
7
9.0
9.0
82.0
1.0
5.0
1.0
10.0
3.0
80.0
9.0
91.0
3.5
3.5
7.0
86.0
100.0
12.0
88.0
100.0
76.0
10.0
14.0
3.0
19.0
6.0
72.0
3.0
1.0
2.0
94.0
2.0
94.0
2.0
2.0
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APPENDIX 
TABLE 5 —continued
STATION SITE GROUP %
10
11
1
2
3
4
5
6
1
2
3
4
6
7
8
7
8
1
2
3
4
5
7
8
7
8
3
4
7
8
1
2
8
1
7
8
2
4
7
8
4
7
8
7
8
8.0
8.0 
84.0
33.0 
67.0
1.5 
18.0
1.5
7.0
1.5 
15.0 
55.5
17.0 
83.0
2.0
2.0 
22.0 
74.0
10.0
5.0
85.0
8.0 
16.0 
76.0
4.0
4.0 
18.0 
74.0
3.0
3.0 
94.0
9.0 
91.0
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APPENDIX 
TABLE 5 —continued
STATION SITE GROUP %
12 1 2 20.0
7 20.0
8 60.0
2 2 2.0
7 4.0
8 94.0
3 3 3.0
8 97.0
4 3 40.0
4 40.0
8 20.0
13 1 8 100.0
2 1 7.0
2 7.0
4 7.0
8 79.0
3 3 50.0
5 50.0
4 2 16.0
5 5.5
6 3.0
7 13.5
8 62.0
5 3 20.0
4 40.0
7 20.0
8 20.0
6 6 75.0
8 25.0
7 - __
8 2 58.0
4 1.0
5 15.0
7 26.0
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APPENDIX 
TABLE 5—continued
Legend:
STATION SITE GROUP
13 9 2 63.0
3 1.0
4 2.0
5 5.0
6 .5
7 14.5
8 14.0
10 3 25.0
7 75.0
1) Nemtodes (round worms)
2) Oligochaetes (segmented worms)
3) Crustacea (copepods, cladocera, isopods,
amphipods)
4) Other insects
5) Ephemeroptera (mayfly larvae)
6) Trichoptera (Caddis fly larvae)
7) Chironomidae (midge larvae)
8) Mollusca (snails, limpets, Corbicula,
"pill clams")
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APPENDIX TABLE 6
Percentages of com unities of major groups
for April 1975
STATION SITE GROUP %
1 1 2 45.0
7 2.0
8 53.0
2 2 62.0
8 38.0
3 1 6.0
7 11.0
8 83.0
4 8 100.0
2 1 1 23.0
4 7.0
5 3.5
6 26.5
7 40.0
2 6 14.0
7 82.0
8 4.0
3 6 20.0
7 80.0
4 2 5 .0
3 5.0
4 10.0
7 55.0
8 25.0
3 1 1 7.0
8 93.0
4 1 4 11.0
6 22.0
8 67.0
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APPENDIX 
TABLE 6 —continued
STATION SITE GROUP %
4 2
3
4
2
3
4
6
7
8
2
4
6
7
1
2
3
4
6
3.5
3.5
16.5
6.5
57.0
13.0
17.0
17.0
17.0
49.0
3.5
14.0
3.5
18.0
61.0
5 1
2
3
4
4
7
8
1
2
4
7
8
2
5
7
8
2
7
8
1.0
4.0
95.0
1.5
7.0
1.5
12.0
78.0
10.0
20.0
30.0
40.0
1.0
5 .0
94.0
6 1
2
4
7
8
8
7.0
13.0
80.0
100.0
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TABLE 6 —continued
STATION SITE GROUP %
6 3 4 12.0
7 47.0
8 41.0
4 4 22.0
7 11.0
8 67.0
7 1 3 6.0
4 6.0
7 12.0
8 76.0
2 1 6.0
2 27.0
4 6.0
8 61.0
3 2 11.0
3 2.5
4 2.5
8 84.0
4 2 11.0
4 5.0
7 26.0
8 58.0
8 1 1 55.0
4 5.0
7 5.0
8 35.0
2 2 9.0
7 30.0
8 61.0
3 1 3.0
7 22.0
8 75.0
9 1 1 17.0
6 8.0
7 8.0
8 67.0
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TABLE 6 —continued
STATION SITE GROUP %
9 2
3
4
7
8
4
7
8
7
8
12.5
87.5
3.0
6.0 
91.0
20.0
80.0
10 1
2
3
4
5
6
3
4
7
8
1
2
7
8
2
3
4
7
8
1
4
7
8
4
5
7
8
2
4
7
8
14.0
22.0
14.0
50.0
4.0
12.0
20.0
64.0
8.0 
14.0 
14.0 
14.0 
50.0
12.0
4.0
24.0
60.0
10.0
5.0
25.0
60.0
.5
1.0
4.0
94.5
11 1 4
7
8
13.0
6.0
81.0
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TABLE 6 —continued
STATION SITE GROUP %
11 2
3
4
1
2
3
4
5
6
7
8
3
5
7
8
1
4
7
8
73.5
5.5
3.0
1.5
2.0
1.0
7.0
6.5
12.0
6.0
6.0 
76.0
8.0
4.0
68.0
20.0
12 1
2
3
4
2
7
8
1
2
3
4
7
8
2
3
4
6
7
8
8
33.0
33.0
34.0
5.0
10.0
8.0
12.0
9.0
57.0
8.0
4.0
4.0
4.0
4.0
76.0
100.0
13 1 4
7
8
28.0
5.0
67.0
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TABLE 6 —continued
STATION SITE GROUP %
13 2
3
4
5
6
7
8
9
10
2
3
8
7
8
2
3
4
5
7
8
2
7
2
7
7
8
1
2
3
4
5
6
7
8
2
4
5
7
8
2
8
50.0
25.0
25.0
22.0
78.0
73.7
.5
.2
.5
1.5
23.6
33.0
67.0
40.0
60.0
12.5
87.5
.1
67.0
.2
2.4
4.9
.2
7.4
17.8
83.5
.5
.5
6.0
9.5
2.0
98.0
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TABLE 6 —continued
Legend for Major Groups:
1) Nematodes (round worms)
2) Oligochaetes (segmented worms)
3) Crustacea (copepods, Cladocera, isopods,
amphipods)
4) Other insects
5) Ephemeroptera (mayfly larvae)
6) Trichoptera (Caddis fly larvae)
7) Chironomidae (midge larvae)
8) Mollusca (snails, limpets, Corbicula,
"pill clams")
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APPENDIX TABLE 7
Table showing substrate characteristics determined from replicated samples
at each of the collection sites in stations 1-13 on the Arkansas River during October 1974
Sta. Site
S.
N.H. Size Mud
Very
Fine Fine 
Silt Sand Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd
1 1
2
3
283.0 
283.0* 
283.0
-
X 
X X 
X
X 
X
X 
X
X
X 
X
2 1
2
3
4
248.1
248.0
247.5
247.3
2
41
4
X
X
X
X X X
X
X
X 
X
X
X 
X X X
X 
X
X
X
X
X 
X 
X
X
X
X
X 
X 
X
3 1 237.9 14 X X X X X X X
4 1
2
3
4
199.7
199.3
199.0
198.6
48
41
75
94
X X
X X
X 
X 
X
X
X 
X
X 
X
X 
X 
X
X 
X
X
X
X 
X
X
X
X 
X
X 
X
X
X
X
5 1
2
3
4
187.8
188.2
188.7
188.9
48
78
89
64 X X
X
X X
X 
X 
X
X 
X 
X
X
X
X
X
X
X
X
X 
X
X
X 
X
X 
X
X X 
X 
X
6 1
2
3
4
171.0
170.7
170.5
170.1
16
122
82
13 X X
X 
X
X
X
X X 
X
X 
X
X
X
X 
X
X
X
X X
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APPENDIX TABLE 7—continued
Sta. Site N.M. 
S.
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
7 1
2
3
4
155.2
154.8
154.6
154.3
20
21
32
48
X
X
X
X
X
X 
X
X
X
X 
X
X
X 
X X
X 
X 
X
X
X
X 
X
X
8 1
2
3
147.0
146.4
146.3
42
10
8
X 
X
X 
X
X
X 
X X
X
X
X
X
X
X 
X 
X X
X
9 1
2
3
4
124.7
124.5
124.3
124.2
90
14
2
16
X X
X X
X
X
X
X
X X
X
X
X
X
X
X X 
X
X
X X
X 
X
X
X
X
X
10 1
2
3
4
5
6
107.6
107.4
107.3
106.2
105.8
105.5
2
2
2
24
8
34
X
X
X
X
X
X
X 
X
X
X
X
X
X 
X
X X
X
X
X
X
X
X
X
X
X
X
11 1
2
3
4
85.7
85.5
85.3
84.8
5 
10 
13
6
X
X
X
X 
X
X X 
X 
X
X 
X
X 
X
X 
X
X 
X
12 1
2
3
4
70.8
70.7
70.4
70.1
66 
128
32
128 X X
X 
X 
X
X
X
X
X
X
X
X 
X
X 
X
X
X
X
X
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APPENDIX TABLE 7—continued
Sta. Site N.M.
S.
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
13 1
2
3
4
5
6
7
8
9
46.0
45.6
45.4
44.3
43.4
43.2
42.8
8
4
6
4
8 
14 
65
5
4
X X
X
X
X 
X
X
X
X
X
X
X
X X
X 
X
X
X 
X
X X
X 
X
X
X
X 
X
X
X
X 
X 
X
X 
X
X 
X
X
X
X
Gr. = Granule 
Pb. = Pebble 
Cb. = Cobble 
Bldr. = Boulder 
Th. = Thread 
Met. = Metal
Pl. = Plant 
Wd. = Wood
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APPENDIX TABLE 8
Table showing substrate characteristics determined from replicated samples
at each of the collection sites in stations 1-13 on the Arkansas River during January 1975
Sta. Site N.M.
S.
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd
1 1
2
3
4
283.0
283.0
283.0
283.0
5
98
131
211
X X 
X X 
X
X
X 
X 
X
X
X 
X 
X 
X
X
X
X
X
X
X
X 
X 
X
X 
X
X
X
X
2 1
2
3
4
248.1
248.0
247.5
247.3
2
92 
, 44
130
X
X
X
X
X
X 
X
X
X 
X
X
X
X
X
X
X
X
X
X
X 
X
X
X
X
3 1 237.9 3 X X X X X X
4 1
2
3
4
199.7
199.3
199.0
189.6
110
89
134
118 X X
X 
X
X
X
X 
X
X 
X
X
X
X
X
X 
X
X
X
X 
X 
X
X
X 
X 
X
X X
X 
X 
X
X
5 1
2
3
4
187.8
188.2
188.7
188.9
20
67
5
3
X 
X
X
X
X
X
X
X
X X 
X X
X 
X
X 
X
X
X X
X
X
6 1
2
3
4
171.0
170.7
170.5
170.1
74
160 
180
92
X
X
X
X 
X 
X 
X
X 
X 
X 
X
X
X
X
X 
X 
X
X
X 
X 
X
X
X
X
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APPENDIX TABLE 8—continued
Sta. Site N.M.
S. 
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
7 1
2
3
4
155.2
154.8
154.6
154.3
8
3
44
13
X
X 
X
X
X
X
X
X
X
X
X X 
X
X
X
X 
X
X
X 
X
X 
X 
X
X
X
8 1
2
3
147.0
146.4
146.3
4
15
3
X
X
X
X
X 
X
X 
X
X
X
X 
X
X
X
9 1
2
3
4
124.7
124.5
124.3
124.2
92
9
4
4
X X 
X X X
X
X
X 
X
X X
X
X 
X
X X 
X
X
X 
X 
X
X
X 
X
10 1
2
3
4
5
6
107.6
107.4
107.3
106.2
105.8
105.5
3
4
6
111
179
123
X
X
X
X 
X
X
X 
X
X
X 
X
X 
X 
X
X 
X 
X
X
X
X
X 
X
X
X
X 
X
X 
X
X 
X
X 
X 
X
X
X
X
X
X
X
X
X
11 1
2
3
4
85.7
85.5
85.3
84.8
3
4
10
9
X X
X
X X 
X 
X
X
X
X
X X X
X 
X
X 
X
X
X
X
X
X 
X
X
12 1
2
3
4
70.8
70.7
70.4
70.1
58 
154
44
12
X 
X
X 
X
X 
X 
X
X
X 
X
X X
X 
X
X
X 
X
X
X
X
X
X
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APPENDIX TABLE 8—continued
Sta. Site N.M.
S.
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
13 1
2
3
4
5
6
7
8
9
10
46.0
45.6
45.4
44.3
43.4
43.2
42.8
42.5
32
27
42
3
3
4
5
12
7
3
X
X
X
X
X
X
X
X 
X
X
X
X
X
X
X
X
X
X 
X
X
X 
X
X 
X
X
X 
X
X
X
X
X
X
X
X
X
X
X
X
X 
X 
X
X
X
X 
X
X
X
X
Gr. = Granule 
Pb. = Pebble 
Cb. = Cobble 
Bldr. = Boulder 
Th. = Thread 
Met. = Metal 
Pl. = Plant 
Wd. = Wood
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APPENDIX TABLE 9
Table showing substrate characteristics determined from replicated samples
at each of the collection sites in stations 1-13 on the Arkansas River during April 1975
Sta. Site N.M.
S. 
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
1
2
3
4
5
6
1
2
3
4
1
2
3
4
1
1
2
3
4
1
2
3
4
1
2
3
4
283.0
283.0
283.0
283.0
248.1
248.0
247.5
247.3
237.9
199.7
199.3
199.0
198.6
187.8
188.2
188.7
188.9
171.0
170.7
170.5
170.1
7
46
56
8
5
72
70
197
7
67
99
90
251
43
240
29
36
40
8
76
98
X
X
X
X
X
X
X
X
X
X
X
X
X
X. 
X
X
X
X
X
X
X 
X
X 
X
X 
X
X
X 
X
X 
X
X 
X
X
X 
X 
X
X 
X
X 
X
X 
X
X
X
X 
X
X
X
X
X
X
X
X 
X
X
X
X
X
X
X 
X
X
X 
X
X
X 
X
X 
X
X
X 
X
X
X 
X
X 
X
X
X
X 
X
X
X 
X
X
X
X 
X
X 
X
X 
X 
X
X 
X 
X
X
X
X
X 
X
X
X
X 
X
X
X
X
X
X 
X
X
X
X
X 
X 
X
X 
X
X 
X
X
X
X
X
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APPENDIX TABLE 9—continued
Sta. Site N.M.
S.
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
7
8
9
10
11
12
1
2
3
4
1
2
3
1
2
3
4
1
2
3
4
5
6
1
2
3
4
1
2
3
4
155.2
154.8
154.6
154.3
147.0
146.4
146.3
124.7
124.5
124.3
124.2
107.6
107.4
107.3
106.2
105.8
105.5
85.7
85.5
85.3
84.8
70.8
70.7
70.4
70.1
15 
1
1
48
43
59
19
5
116
10
8
10
3
5
54
14
79
28
3
8
22
80
176
9
81
X
X
X
X
X
X
X
X
X
X
X
X
X
X 
X
X
X 
X
X
X
X
X
X
X 
X
X
X
X
X
X
X
X
X
X
X 
X 
X
X 
X 
X
X
X 
X
X
X 
X
X
X
X 
X
X 
X
X 
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X 
X
X
X
X
X
X
X 
X
X
X
X
X
X
X
X
X
X X
X 
X
X
X
X
X 
X 
X
X 
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
X 
X 
X
X
X 
X 
X
X 
X
X
X
X 
X 
X
X 
X
X 
X
X 
X
X
X 
X
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APPENDIX TABLE 9—continued
Sta. Site N.M.
S.
Size Mud Silt
Very 
Fine 
Sand
Fine 
Sand
Med. 
Sand
Coarse 
Sand
Very 
Coarse 
Sand Gr. Pb. Cb. Bldr. Th. Met. Pl. Wd.
13 1
2
3
4
5
6
7
8
9
10
46.0
45.6
45.4
44.3
43.4
43.2
42.8
42.5
30
7
5
8 
16
5 
10 
19
8 
21
X
X
X
X 
X
X 
X
X
X 
X
X
X
X 
X
X
X 
X
X
X
X
X
X
X
X 
X
X
X
X
X
X
X
X
X 
X
X
X 
X
X
X
X
X
X
X
X
X
X 
X
X 
X
X 
X
Gr. = Granule 
Pb. - Pebble 
Cb. = Cobble 
Bldr. = Boulder 
Th. = Thread 
Met. = Metal 
Pl. = Plant 
Wd. = Wood
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APPENDIX TABLE 10
Table comparing numbers of organisms per square meter for each of the 8 
major groups of benthic organisms in the Arkansas River in October 1974 
with data on substrate
STATION SITE GROUP
NO. 
SUB. 
TYPES TOTAL#/M2 SUBST.
October 1 1 1 0 M 1 1
2 0
3 0
4 0
5 0
6 0
7 0
8 459.36
2 1 0 M 1 3
2 0
3 0 S 2
4 0
5 0
6 0
7 0
8 727.32
3 1 0 S 2 2
2 0
3 0
4 0
5 0
6 0
7 0
8 57.42
2 1 1 0 M 1 3
2 0
3 0 S 1
4 0
5 0 G 1
6 0
7 229.68
8 57.32
2 1 0 M 1 4
2 0
3 0 S 1
4 19.14
5 76.56 G 2
6 0
7 95.70
8 19.14
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
2 3
4
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
0
0
0
95.70
114.84
421.08
162.69
0
0
0
0
1148.40
0
57.42
95.70
S
G
M
S
G
2
2
2
5
2
4
9
3 1 1
2
3
4
5
6
7
8
0
0
0
0
0
19.14
57.42
411.51
M
S
G
1
2
2
5
4 1
2
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
19.14 
0 
0 
0
38.28
38.28
95.70 
1847.01
229.68
38.28 
0 
0
478.50
861.30
650.76
2612.61
S
G
S
G
2
3
4
3
5
7
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TABLE 10--continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
4 3
4
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
38.28 
0
38.28
19.14
38.28
995.28
172.26
1148.84
0
0
0
0
0
478.50
114.84
1626.90
M
S
G
S
G
2
2
4
2
2
8
4
5 1
2
3
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
0
0
0
0
0
210.54
717.75
38.28 
0
38.28 
0 
0 
0
727.32
669.90
133.98 
0 
0
57.42
19.14
363.66
248.82
267.96
S
G
S
S
G
1
2
2
3
4
3
2
7
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
5 4 1
2
3
4
5
6
7
8
76.56
0
0
0
172.26
363.66
153.12
191.40
M
S
G
1
5
3
9
6 1
2
3
4
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
76.56 
0 
0 
0 
0
0
440.22 
0
0
76.56 
0
19.14 
0 
0
19.14
153.12
0
0
0
0
0 
0
76.56
746.46
0
19.14 
0 
0 
0
0
76.56
306.24
S
G
S
G
S
G
S
G
1
2
1
1
1
3
2
2
3
2
4
4
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
7 1
2
3
4
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
0
0
0
0
0
19.14
172.26
19.14 
0 
0 
0
0
19.14 
0
38.28
0
0
0
0
0
0
0
373.23
114.84 
0 
0
19.14 
0 
0
133.98
1043.13
S
G
S
G
S
S
G
2
2
1
4
2
2
2
4
5
2
4
8 1 1
2
3
4
5
6
7
8
76.56 
0 
0
19.14 
0 
0
191.40
861.30
S
G
1
2
3
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
8 2
3
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
19.14
0
0
0
0
38.28
210.54
0
0
19.14
0
0
0
19.14
19.14
S
G
S
G
4
3
2
1
7
3
9 1
2
3
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
0
0
19.14 
0 
0
153.12 
2622.18
0
0
0
0
0
0
0
0
38.28 
0 
0
38.28 
0 
0
19.14
2086.26
M
G
S
G
S
2
3
3
1
2
5
4
2
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TABLE 10—continued
NO.
STATION SITE GROUP #/M2 SUBST.
SUB. 
TYPES TOTAL
9 4 1
2
3
4
5
6
7
8
19.14 
0 
0
76.56 
0 
0 
0
727.32
S
G
3
2
5
10 1
2
3
4
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
19.14 
0
38.28 
0 
0
19.14
267.96
0 
0
0
0
0
0
0
344.52
19.14 
0 
0
0
0
0
0
95.70
19.14 
0 
0
0
0
0
38.28
1110.12
S
S
S
G
S
G
1
1
2
1
2
2
1
1
3
4
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
10 5
6
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
19.14
0
0
19.14
0
0
76.56
287.10
0
0
0
19.14
0
0
38.28
516.78
S
G
S
G
2
1
1
3
3
4
11 1
2
3
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
0
0
0
0
0
0
0
995.28
19.14 
0 
0
19.14
19.14 
0
76.56 
1330.23
0
0
0
38.28 
0 
0
133.98
1071.84
S
S
G
S
G
1
1
3
1
1
1
4
2
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
11 4 1
2
3
4
5
6
7
8
0
0
0
0
19.14 
0 
0
717.75
S
G
2
1
3
12 1
2
3
4
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
1
2
3
4
5
6
7
8
306.24
19.14
19.14 
0 
0 
0
38.28
3397.35
19.14 
0 
0 
0
0
0
19.14
6545.88
0
0
0
0
0 
0
57.42
7483.74
0 
0
19.14 
0 
0 
0
19.14
3923.70
S
G
S
G
S
G
M
S
G
2
1
2
1
1
1
2
1
2
3
3
2
5
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
13 1 1 19.14 S 2 3
2 0
3 0 G 1
4 19.14
5 0
6 0
7 57.42
8 57.42
2 1 0 S 1 2
2 0
3 0 G 1
4 0
5 0
6 0
7 0
8 57.42
3 1 0 S 3 4
2 0
3 19.14 G 1
4 0
5 0
6 0
7 19.14
8 191.40
4 1 0
2 3119.82
3 0
4 57.42
5 19.14
6 0
7 38.28
8 880.44
5 1 0 M 2 5
2 0
3 0 S 2
4 0
5 0 G 1
6 0
7 0
8 153.12
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TABLE 10—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES tota l
13 6 1 0 S 1 2
2 0
3 19.14 G 1
4 0
5 0
6 0
7 0
8 468.93
7 1 0 S 2 5
2 0
3 19.14 G 3
4 0
5 0
6 0
7 0
8 823.02
8 1 0 
2 4651.02
3 19.14
4 191.40
5 57.42
6 0
7 497.64
8 574.20
9 1 0
2 4497.90
3 0
4 38.28
5 19.14
6 0
7 478.50
8 612.48
Legend:
Group
1 = nematodes
2 - oligochaetes
3 = Crustacea
4 = other insects
5 = ephemeroptera
6 = trichoptera
7 = Chironomidae
8 = mollusca
Subst. No. Sub. Types
M = mud see footnote
S = sand
G = gravel
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APPENDIX TABLE 11
Table comparing numbers of organisms per square meter for each of the 8 
major groups of benthic organisms in the Arkansas River in January 1975 
with data on substrate
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
January 1 1 1 0
2 19.14 M 2 6
3 0
4 19.14 S 1
5 172.26
6 57.42 G 3
7 38.28
8 564.63
2 1 0
2 0 M 1 4
3 0
4 19.14 S 2
5 0
6 76.56 G 1
7 95.70
8 9.57
3 1 0
2 0 S 2 5
3 0
4 19.14 G 3
5 0
6 0
7 38.28
8 47.85
4 1 0
2 0 S 2 5
3 19.14
4 0 G 3
5 0
6 0
7 727.32
8 229.68
2 1 1 114.84
2 38.28 G 1 1
3 0
4 38.28
5 19.14
6 133.98
7 172.26
8 229.68
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
2 2 1 0
2 19.14 s 1 5
3 0
4 0 G 4
5 0
6 19.14
7 57.42
8 19.14
3 1 0
2 0 M 1 6
3 0
4 19.14 S 1
5 38.28
6 19.14 G 4
7 76.56
8 0
4 1 0
2 0 S 2 4
3 0
4 19.14 G 2
5 0
6 0
7 0
8 57.42
3 1 1 0
2 0 M 1 4
3 0
4 0 S 2
5 0
6 0 G 1
7 38.28
8 574.20
4 1 1 0
2 0 S 1 4
3 0
4 0 G 3
5 0
6 19.14
7 172.26
8 229.68
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
4 2 1 0
2 0 S 1 4
3 0
4 0 G 3
5 0
6 0
7 57.42
8 57.42
3 1 0
2 76.56 S 2 6
3 0
4 38.28 G 4
5 0
6 38.28
7 172.26
8 267.96
4 1 0
2 0 M 2 8
3 0
4 19.14 S 2
5 0
6 0 G 4
7 76.56
8 0
5 1 1 19.14
2 0 S 2 4
3 0
4 38.28 G 2
5 0
6 19.14
7 38.28
8 2086.26
2 1 0
2 0 S 2 4
3 0
4 19.14 G 2
5 0
6 0
7 38.28
8 0
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
5 3 1 0
2 0 M 1 3
3 19.14
4 0 S 2
5 0
6 0
7 95.70
8 4785.00
4 1 0
2 0 M 1 1
3 0
4 0
5 0
6 0
7 0
8 842.16
6 1 1 0
2 0 S 2 5
3 0
4 0 M 3
5 0
6 0
7 0
8 153.12
2 1 0
2 0 S 2 5
3 0
4 0 G 3
5 0
6 0
7 114.84
8 172.26
3 1 0
2 0 S 2 5
3 0
4 0 G 3
5 0
6 0
7 95-70
8 114.84
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APPENDIX
TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
6 4 1 0
2 0 S 1  3
3 0
4 0 G 2
5 0
6 0
7 0
8 0
7 1 1 0
2 0 S 2 4
3 0
4 19.14 G 2
5 0
6 19.14
7 .0
8 172.26
2 1 19.14 M 1 1
2 114.84
3 19.14
4 210.54
5 0
6 0
7 38.28
8 1646.04
3 1 0
2 38.28 M 2 7
3 0
4 0 S 2
5 0
6 0 G 3
7 0
8 401.94
4 1 19.14
2 0 S 2 3
3 0
4 0 G 1
5 19.14
6 0
7 38.28
8 497.64
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APPENDIX
TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
8 1 1 0
2 0 S 3 4
3 0
4 0 G 1
5 0
6 0
7 0
8 57.42
2 1 0
2 0 S 1 2
3 0
4 0 G 1
5 0
6 0
7 38.28
8 287.10
3 1 0
2 0 S 2 2
3 0
4 0
5 0
6 0
7 0
8 325.38
9 1 1 0
2 0 M 2 7
3 . 0
4 153.12 S 1
5 0
6 0 G 4
7 19.14
8 28.71
2 1 19.14
2 0 M 1 5
3 0
4 114.84 S 3
5 0
6 0 G 1
7 38.28
8 440.22
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
9 3 1 0
2 76.56 S 1 1
3 0
4 0
5 0
6 19.14
7 57.42
8 2258.52
4 1 19.14
2 899.58 S 1 2
3 19.14
4 0 G 1
5 0
6 0
7 19.14
8 0
10 1 1 0
2 0 M 1 3
3 0
4 0 S 2
5 0
6 19.14
7 19.14
8 191.40
2 1 0
2 0 M 2 6
3 0
4 0 S 2
5 0
6 0 G 2
7 19.14
8 38.28
3 1 19.14
2 229.68 M 1 2
3 19.14
4 95.70 S 1
5 19.14
6 0
7 191.40
8 717.75
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOT
10 4 1 0
2 0 S 2 5
3 0
4 0 G 3
5 0
6 0
7 19.14
8 95.70
5 1 0
2 0 S 2 3
3 19.14
4 19.14 G 1
5 0
6 0
7 191.40
8 641.19
6 1 38.28
2 19.14 M 2 5
3 0
4 0 S 2
5 0
6 0 G 1
7 0
8 325.38
11 1 1 19.14
2 0 S 2 2
3 0
4 0
5 0
6 0
7 38.28
8 181.83
2 1 0
2 19.14 M 2 3
3 0
4 19.14 S 1
5 0
6 0
7 76.56
8 325.38
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
11 3 1 0
2 0 S 2 5
3 0
4 19.14 G 3
5 0
6 0
7 19.14
8 612.48
4 1 0
2 0 M 1 3
3 0
4 0 S 2
5 0
6 0
7 76.56
8 746.46
12 1 1 0
2 19.14 S 2 2
3 0
4 0
5 0
6 0
7 19.14
8 57.42
2 1 0
2 19.14 S 2 3
3 0
4 0 G 1
5 0
6 0
7 38.28
8 899.58
3 1 0
2 0 M 2 4
3 19.14
4 0 S 1
5 0
6 0 G 1
7 0
8 583.77
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
12 4 1 0
2 0 M 2 6
3 19.14
4 19.14 S 2
5 0
6 0 G 2
7 0
8 9.57
13 1 1 0
2 0 S 1 3
3 0
4 0 G 2
5 0
6 0
7 0
8 28.71
2 1 19.14
2 19.14 S 2 4
3 0
4 19.14 G 2
5 0
6 0
7 0
8 220.11
3 1 0
2 0 S 2 4
3 19.14
4 0 G 2
5 19.14
6 0
7 0
8 0
4 1 0
2 114.84 S 1 1
3 0
4 0
5 38.28
6 19.14
7 95.70
8 440.22
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
13 5 1 0
2 0 S 1 1
3 19.14
4 38.28
5 0
6 0
7 19.14
8 19.14
6 1 0
2 0 S 1 2
3 0
4 0 G 1
5 0
6 57.42
7 0
8 19.14
7 1 0
2 0 S 2 3
3 0
4 0 G 1
5 0
6 0
7 0
8 0
8 1 0
2 4076.82 M 1 1
3 0
4 133.98
5 1033.56
6 0
7 1818.30
8 0
9 1 0
2 5148.66 M 2 3
3 76.56
4 153.12 S 1
5 421.08
6 38.28
7 1167.54
8 1157.97
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TABLE 11—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
13 10 1 0
2 0 M 1 3
3 19.14
4 0 S 2
5 0
6 0
7 57.42
8 0
Legend:
Group Subst. No. Sub. Types
1 = nematodes
2 = oligochaetes
3 = Crustacea
4 = other insects
5 = ephemeroptera
6 = trichoptera
7 = Chironomidae
8 = mollusca
M = mud 
S = sand
G = gravel
see footnote
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APPENDIX TABLE 12
Table comparing numbers of organisms per square meter for each of the 8 
major groups of benthic organisms in the Arkansas River in April 1975 
with data on substrate
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
April 1 1 1 0
2 555.06 M 1 3
3 0
4 0 S 2
5 0
6 0
7 19.14
8 650.76
2 1 0
2 248.82 M 1 6
3 0
4 0 S 2
5 0
6 0 G 3
7 0
8 153.12
3 1 19.14
2 0 S 1 3
3 0
4 0 G 2
5 0
6 0
7 38.28
8 287.10
4 1 0
2 0 S 2 4
3 0
4 0 G 2
5 0
6 0
7 0
8 19.14
2 1 1 248.82
2 0 M 1 3
3 0
4 76.56 G 2
5 38.28
6 287.10
7 440.22
8 0
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
2 2 1 0
2 0 M 1 4
3 0
4 0 G 3
5 0
6 57.42
7 344.52
8 19.14
3 1 0
2 0 S 1 5
3 0
4 0 G 4
5 0
6 19.14
7 76.56
8 0
4 1 0
2 19.14 M 1 5
3 19.14
4 38.28 S 2
5 0
6 0 G 2
7 210.54
8 95.70
3 1 1 19.14
2 0 S 2 2
3 0
4 0
5 0
6 0
7 0
8 267.96
4 1 1 0
2 0 M 1 5
3 0
4 38.28 G 4
5 0
6 76.56
7 0
8 229.68
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
4 2 1 0
2 19.14 M 2 8
3 19.14
4 95.70 S 2
5 0
6 38.28 G 4
7 325.38
8 76.56
3 1 0
2 19.14 S 1 5
3 0
4 19.14 G 4
5 0
6 19.14
7 57.42
8 0
4 1 19.14
2 76.56 M 1 5
3 19.14
4  95.70 S 2
5 0
6 325.38 G 2
7 0
8 0
5 1 1 0
2 0 M 1 4
3 0
4 19.14 S 2
5 0
6 0 G 1
7 133.98
8 2909.28
2 1 19.14
2 133.98 S 2 5
3 0
4 19.14 G 3
5 0
6 0
7 229.68
8 1454.64
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
5 3 1 0
2 19.14 S 2 4
3 0
4 0 G 2
5 38.28
6 0
7 57.42
8 76.56
4 1 0
2 19.14 S 2 4
3 0
4 0 G 2
5 0
6 0
7 76.56
8 1531.20
6 1 1 0
2 0 S 1 4
3 0
4 38.28 G 3
5 0
6 0
7 19.14
8 229.68
2 1 0
2 0 S 2 5
3 0
4 0 G 3
5 0
6 0
7 0
8 57.42
3 1 0
2 0 M 1 6
3 0
4 38.28 S 2
5 0
6 0 G 3
7 153.12
8 133.98
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
6 4 1 0 M 2 7
2 0
3 0 S 2
4 38.28
5 0 G 3
6 0
7 19.14
8 114.84
7 1 1 0
2 0 M 1 5
3 19.14
4 19.14 S 3
5 0
6 0 G 1
7 38.28
8 248.82
2 1 19.14
2 95.70 M 1 2
3 0
4 19.14 S 1
5 0
6 0
7 0
8 210.54
3 1 0
2 95.70 M 1 2
3 19.14
4 19.14 S 1
5 0
6 0
7 0
8 708.18
4 1 0
2 38.28 S 1 4
3 0
4 19.14 G 3
5 0
6 0
7 95.70
8 210.54
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
8 1 1 401.94
2 0 s 2 3
3 0
4 38.28 G 1
5 0
6 0
7 38.28
8 248.82
2 1 0
2 38.28 S 2 4
3 0
4 0 G 2
5 0
6 0
7 133.98
8 267.96
3 1 19.14
2 0 M 1 5
3 0
4 0 S 2
5 0
6 0 G 2
7 133.98
8 459.36
9 1 1 38.28
2 0 S 2 2
3 0
4 0
5 0
6 19.14
7 19.14
8 153.12
2 1 0
2 0 S 2 4
3 0
4 0 G 2
5 0
6 0
7 38.28
8 267.96
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
9 3 1 0
2 0 S 2 3
3 0
4 19.14 G 1
5 0
6 0
7 38.28
8 574.20
4 1 0
2 0 S 2 4
3 0
4 0 G 2
5 0
6 0
7 19.14
8 76.56
10 1 1 0
2 0 S 2 4
3 38.28
4 57.42 G 2
5 0
6 0
7 38.28
8 133.98
2 1 19.14
2 57.42 S 2 2
3 0
4 0
5 0
6 0
7 95.70
8 306.24
3 1 0
2 19.14 S 2 3
3 38.28
4 38.28 G 1
5 0
6 0
7 38.28
8 133.98
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
10 4 1 57.42
2 0 S 2 3
3 0
4 19.14 G 1
5 0
6 0
7 114.84
8 287.10
5 1 0
2 0 S 2 3
3 0
4 38.28 G 1
5 19.14
6 0
7 95.70
8 229.68
6 1 0
2 19.14 S 2 4
3 0
4 38.28 G 2
5 0
6 0
7 114.84
8 3004.98
11 1 1 0
2 0 S 2 3
3 0
4 38.28 G 1
5 0
6 0
7 19.14
8 248.82
2 1 2679.60
2 210.54 M 1 4
3 95.70
4 57.42 G 3
5 76.56
6 38.28
7 267.96
8 248.82
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
11 3 1 0
2 0 S 3 5
3 38.28
4 0 G 2
5 19.14
6 0
7 19.14
8 248.82
4 1 38.28
2 0 M 1 6
3 0
4 19.14 S 1
5 0
6 0 G 4
7 325.38
8 95.70
12 1 1 0
2 38.28 S 2 4
3 0
4 0 G 2
5 0
6 0
7 38.28
8 38.28
2 1 57.42
2 114.84 M 1 5
3 76.56
4 133.98 S 2
5 0
6 0 G 2
7 95.70
8 631.62
3 1 0
2 38.28 M 1 4
3 19.14
4 19.14 S 2
5 0
6 19.14 G 1
7 19.14
8 363.66
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
12 4 1 0
2 0 S 2 3
3 0
4 0 G 1
5 0
6 0
7 0
8 1014.42
13 1 1 0
2 0 S 2 5
3 0
4 95.70 G 3
5 0
6 0
7 19.14
8 229.68
2 1 0
2 38.28 S 2 3
3 19.14
4 0 G 1
5 0
6 0
7 0
8 19.14
3 1 0
2 0 S 2 4
3 0
4 0 G 2
5 0
6 0
7 19.14
8 153.12
4 1 0
2 6660.72 M 1 1
3 57.42
4 19.14
5 57.42
6 0
7 133.98
8 2143.68
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TABLE 12—continued
STATION SITE GROUP #/M2 SUBST.
NO. 
SUB. 
TYPES TOTAL
13 5 1 0
2 19.14 S 2 5
3 0
4 0 G 3
5 0
6 0
7 38.28
8 0
6 1 0
2 38.28 S 3 4
3 0
4 0 G 1
5 0
6 0
7 57.42
8 0
7 1 0
2 0 M 1 6
3 0
4 0 S 3
5 0
6 0 G 2
7 19.14
8 133.98
8 1 19.14
2 10,029.36 M 1 1
3 38.28
4 363.66
5 746.46
6 38.28
7 1110.12
8 2679.60
9 1 0
2 7751.70 —
3 0
4 38.28
5 38.28
6 0
7 555.06
8 899.58
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TABLE 12—continued
STATION SITE GROUP
NO. 
SUB. 
TYPES TOTAL#/M2 SUBST.
13 10 1 0
2 19.14 S 1 3
3 0
4 0 G 2
5 0
6 0
7 0
8 957.00
Legend:
Group Subst. No. Sub. Types
1 = nematodes
2 = oligochaetes
3 = Crustacea
4 = other insects
5 = ephemeroptera
6 = trichoptera
7 ■ Chironomidae
8 = mollusca
M = mud 
S = sand 
G = gravel
see footnote
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Appendix Table 13. of data showing  total
numbers of larvaL Chironomidae (as organisms/M2) 
collected from benthic samples at each of the 13 stations 
on the Arkansas River. Sampling dates: October 1974; 
January 1975; April 1975.
Legend: 
8100’s-8300's = Subfamily Chironominae
8400's = Subfamily Tanypodinae
8500’s = Subfamily Diamesnae
8600’s = Subfamily Orthocladinae
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APPENDIX TABLE 13
Data showing total numbers of Chironomidae
(as organisms/ M2) from all stations for October 1974 
January 1975 
April 1975
313
Station 1 2 3 4
October 1
2 440.22 19.14 — 344.52
3 57.42 — — -
4 995.28 38.28 — -
5 1129.26 57.42 57.42 95.70
6 574.20 — 38.28 —
7 133.98 19.14 — —
8 191.40 57.42 -
9 153.12 - - —
10 229.68 — — —
11 210.54 — — —
12 133.98 — - -
13 746.46 325.38 — 19.14
January 1 76.56 38.28 765.60 19.14
2 172.26 38.28 - 57.42
3 38.28 — —
4 191.40 19.14 95.70 172.26
5 76.56 — 76.56 19.14
6 114.84 — 57.42 19.14
7 76.56 - - -
8 — — — —
9 76.56 — 19.14
10 325.38 — 114.84 —
11 133.98 19.14 19.14 —
12 19.14 — 38.28 —
13 1052.70 2315.94 - 38.28
April 1 57.42 *
2 746.46 38.28 76.56 210.54
3 — —
4 555.06 — 114.84 38.28
5 133.98 — 153.12 —
6 114.84 19.14 57.42 —
7 76.56 — 38.28 19.14
8 248.82 — 57.42 —
9 76.56 — 19.14 19.14
10 363.66 19.14 19.14 95.70
11 574.20 114.84 —
12 57.42 19.14 76.56 —
13 555.06 1397.22 - -
Appendix Table 14. Tabulation of data showing total 
numbers of Corbicula (as organisms/M2) collected from 
benthic samples at each of the 13 stations on the 
Arkansas River. Sampling dates: October 1974; January 
1975; April 1975.
Legend:
1=1 mm
2 = 2-4 mm
3 = 5-7 mm
4 = greater than 8 mm
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APPENDIX TABLE 14
Data showing total numbers of Corbicula
(as organisms/ m2) from all stations for October 1974 
January 1975 
April 1975
315
Station 1 2 3 4
October 1
2 — 220.11 76.56 —
3 124.41 162.69 105.27
4 3426.06 1588.62 229.68 28.71
5 1263.24 354.09 229.68 —
6 880.44 248.82 38.28 38.28
7 957.00 2162.82 — 19.14
8 957.00 114.84 19.14 —
9 3502.62 1150.34 38.28 —
10 1282.38 1186.68 133.98 19.14
11 2296.80 1588.62 229.68 —
12 15675.66 5502.75 153.12 -
13 1512.06 813.45 38.28 -
January 1 114.84 296.67 28.71 28.71
2 19.14 76.56 38.28 —
3 344.52 229.68 — —
4 210.54 267.96 57.42 19.14
5 5722.86 1894.86 57.42 —
6 114.84 239.25 57.42 28.71
7 1588.62 995.28 95.70 —
8 325.38 267.96 57.42 —
9 1186.68 1445.07 76.56 —
10 1090.98 813.45 105.27 —
11 861.30 899.58 86.13 —
12 937.86 497.64 105.27 9.57
13 344.52 267.96 66.99 -
April 1 76.56 803.88 38.28 76.56
2 57.42 38.28 — 19.14
3 153.12 76.56 19.14 19.14
4 153.12 95.70 — 57.42
5 2296.80 1167.54 210.54 38.28
6 153.12 229.68 133.98 19.14
7 574.20 708.18 76.56 19.14
8 459.36 478.50 •38.28 —
9 325.38 669.90 76.56 —
10 2622.18 1320.66 76.56
11 421.08 382.80 19.14 —
12 1052.70 918.72 76.56 —
13 1167.54 937.86 210.54 229.68
APPENDIX FIGURES
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Appendix Figure 1. Histogram contrasting number of 
organisms per square meter for the family Chironomidae 
(midge larvae), with the genus Corbicula (Asian clam). 
Data are shown for each of the Arkansas River sampling 
stations, for October 1974.
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Appendix Figure 2. Histogram contrasting number of 
organisms per square meter for the family Chironomidae 
(midge larvae), with the genus Corbicula (Asian clam). 
Data are shown for each of the Arkansas River sampling 
stations, for January 1975.
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Appendix Figure 3. Histogram contrasting number of 
organisms per square meter for the family Chironomidae 
(midge larvae), with the genus Corbicula (Asian clam). 
Data are shown for each of the Arkansas River sampling 
stations, for April 1975.
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APRIL CORBICULA CHIRONOMIDAE
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Appendix Figure 4. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach ... contrasted with graph 
showing temperature... for October 1974 sampling period.
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Appendix Figure 5. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contrasted with graph 
showing temperature... for January 1975 sampling period.
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Appendix Figure 6. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach...contrasted with graph 
showing temperature... for April 1975 sampling period.
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Appendix Figure 7. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contrasted with graph 
showing Turbidity (NTU) for the October 1974 sampling 
period.
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Appendix Figure 8. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contrasted with graph 
showing Turbidity (NTU) for the January 1975 sampling 
period.
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Appendix Figure 9. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contras ted with graph 
showing Turbidity (NTU) for the April 1975 sampling 
period.
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Appendix Figure 10. Histogram showing' Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contras ted with graph 
showing calculated flow rate...for October 1974.
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Appendix Figure 11. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contrasted with graph 
showing calculated flow rate...for January 1975 .
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Appendix Figure 12. Histogram showing Grand Mean of 
benthic organisms for each of the 13 stations in the 
Arkansas River study reach... contrasted with graph 
showing calculated flow rate...for April 1975.
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Appendix Figures
13-27
Histograms showing Grand Mean of benthic organisms 
for each of the 13 stations in the Arkansas River 
study reach for sample times of October, 1974, 
January, 1975, and April, 1975...contrasted with 
dissolved oxygen, pH, total alkalinity, altitude, 
and depth.
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pH/GRAND MEAN
OCTOBER, 1974
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pH/GRAND MEAN
JANUARY, 1975
347
pH/GRAND MEAN
APRIL, 1975
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GRAND MEAN/TOTAL ALKALINITY
OCTOBER. 1974
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TOTAL ALKALINITY/GRAND MEAN
JANUARY. 1975
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TOTAL ALKALINITY/GRAND MEAN
APRIL, 1975
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ALTITUDE/GRAND MEAN
JANUARY, 1975
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OCTOBER. 1974
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